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PREFACE. 


My  aim  in  writing  this  wprk  has  been  to  give  such  an 
account  of  the  development  of  animal  forms  as  may  prove 
useful  both  to  students  and  to  those  engaged  in  embryo- 
logical  research.  The  present  volume,  save  in  the  intro- 
ductory chapters,  is  limited  to  a  description  of  the  develop- 
ment of  the  In vertebrata :  the  second  and  concluding  volume 
will  deal  with  the  Vertebrata,  and  with  the  special  histories 
of  the  several  organs. 

Since  the  work  is,  I  believe,  with  the  exception  of  a  small 
but  useful  volume  by  Packard,  the  first  attempt  to  deal  in  a 
complete  manner  with  the  whole  science  of  Embryology  in 
its  recent  aspects,  and  since  a  large  portion  of  the  matter 
contained  in  it  is  not  to  be  found  in  the  ordinary  text 
books,  it  appeared  desirable  to  give  unusually  ample 
references  to  original  sources.  I  have  accordingly  placed 
at  the  end  of  each  chapter,  or  in  some  cases  of  each  section 
of  a  chapter,  a  list  of  the  more  important  papers  referring 
to  the  subject  dealt  with.  The  papers  in  each  list  are 
numbered  continuously,  and  are  referred  to  in  the  text  by 
their  numbers.  These  lists  are  reprinted  as  an  appendix 
at  the  end  of  each  volume.     It  will  of  course  be  understood 
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that    they    do    not    profess    to    form    a   complete    biblio- 
graphy of  the  subject. 

In  order  to  facilitate  the  use  of  the  work  by  students 
I  have  employed  two  types.  Tlie  more  general  parts  of 
the  work  are  printed  in  large  type ;  while  a  smaller  type 
is  used  for  much  of  the  theoretical  matter,  for  the  details 
of  various  special  modes  of  development,  for  the  histories 
of  the  less  important  forms,  and  for  controversial  matter 
generally.  The  student,  especially  when  commencing  his 
studies  in  Embryology,  may  advantageously  confine  his 
attention  to  the  matter  in  the  larger  type ;  it  is  of  course 
assumed  that  he  already  possesses  a  competent  knowledge 
of  C<jmparative  Anatomy. 

Since  the  theory  of  evolution  became  accepted  as  an 
established  doctrine,  the  important  bearings  of  Embryology 
on  all  morj)hological  views  have  been  universally  recognised ; 
but  the  very  vigour  with  which  this  department  of  science 
has  been  pursued  during  the  last  few  years  has  led  to  the 
appearance  of  a  large  number  of  incomplete  and  contradic- 
tory ol^servations  and  theories ;  and  to  arrange  these  into 
anything  like  an  orderly  and  systematic  exposition  has  been 
no  easy  task.  Many  Embryologists  will  indeed  probably  hold 
that  any  attempt  to  do  so  at  the  present  time  is  premature, 
and  therefore  doomed  to  failure.  I  must  leave  it  to  others 
to  decide  how  far  my  effort  has  been  justified.  That  what 
I  have  writti»n  contains  errors  and  shortcomings  is  I  fear 
only  too  certain,  but  I  trust  that  those  who  are  most 
capable  of  detecting  them  will  also  be  most  charitable  in 
excusing  thein. 

The  work  is  fully  illustrated,  and  most  of  the  figures 
have   been   especially  engraved  from   original   memoirs   or 
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from  my  own  papers  or  drawings  by  Mr  Collings,  who 
has  spared  no  pains  to  render  the  woodcuts  as  clear  and 
intelligible  as  possible.  I  trust  my  readers  will  not  be 
disappointed  with  the  results.  The  sources  from  which  the 
woodcuts  are  taken  have  been  in  all  cases  acknowledged, 
and  in  the  cases  where  no  source  is  given  the  illustrations 
are  my  own. 

I  take  this  opportunity  of  acknowledging  my  great 
obligations  to  Professors  Agassiz,  Huxley,  Gegenbaur, 
Lankester,  Turner,  KoUiker,  and  Glaus,  to  Sir  John  Lubbock, 
Mr  Moseley,  and  Mr  P.  H.  Carpenter,  for  the  use  of  electro- 
types of  woodcuts  from  their  works. 

I  am  also  under  great  obligations  to  numerous  friends 
who  have  helped  me  in  various  ways  in  the  course  of  my 
labour.  Professor  Kleinenberg,  of  Messina,  has  read  through 
the  whole  of  the  proofs,  and  has  made  numerous  valuable 
criticisms.  My  friend  and  former  pupil,  Mr  Adam  Sedgwick, 
has  been  of  the  greatest  assistance  to  me  in  correcting  the 
proofs.  I  have  had  the  benefit  of  many  useful  suggestions 
by  Professor  Lankester  especially  in  the  chapter  on  the 
Mollusca,  and  Mr  P.  H.  Carpenter  has  kindly  revised  the 
chapter  on  the  Echinodermata. 

I  am  also  much  indebted  to  Dr  Michael  Foster,  Mr 
Moseley,  and  Mr  Dew- Smith  for  aid  and  advice. 
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ADDENDA  AND  CORRIGENDA. 

Page   90,  last  line,  /or  Peneas  read  Penieufl. 

92,  f&L  lineff  from  bottom,  for  Peneus  read  Penieus. 
96,  seven  lines  from  bottom,  for  Penens  read  Penane. 
149,  six  lines  from  top,  for  these  views  read  delamination  and  invagination. 
202,  in  the  seoond  heading,  for  Affinity  read  Affinities. 

In  the  explanation  of  figs.  68  and  76  insert  (After  Metsohnikoff.) 
Page  V  of  Appendix  imeH  between  reference  104  and  105  the  heading  Segmentation. 
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The  subject-matter  of  the  science  of  Embryology  admits  of  a  two- 
fold classification.  It  may  be  placed  under  a  series  of  heads,  each 
dealing  either  with  a  special  group  of  organisms,  or  with  a  special  de- 
partment of  the  whole  science.  If  classified  in  the  first  of  these  ways 
the  science  will  naturally  be  divided  into  an  Embryology  of  Plants, 
and  an  Embryology  of  Animals  ;  each  of  which  admits  of  further  sub- 
division. In  the  second  way  the  subject  falls  under  two  primary 
heads ;  viz.  Physiological  Embryology  and  Anatomical  Embryology. 

The  present  treatise  deals  only  with  the  Embryolc^  of  Animals^ 
and  is  further  confined  to  those  animals  known  as  Metazoa.  The 
science  is  moreover  treated  from  the  morphological  or  anatomical^ 
rather  than  from  the  physiological  side. 

The  marvellous  phenomenon  of  the  evolution  of  a  highly 
complicated  living  being  from  a  simple  undifferentiated  germ  in 
which  it  needs  the  aid  of  the  most  modem  microscopical  appliances 
to  detect  any  visible  signs  of  life,  has  not  unnaturaliy  attracted  the 
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EMBRYOLOGY. 


INTRODUCTION. 

Ebibryology  forms  a  large  and  important  department  of  Biology. 
Strictly  interpreted  according  to  the  meaning  of  the  word,  it  ought  to 
deal  with  the  growth  and  structure  of  organisms  during  their  develop- 
ment within  the  egg  membranes,  before  they  are  capable  of  leading  an 
independent  existence.  Modern  investigations  have  however  shewn 
that  such  a  limitation  of  the  science  would  have  a  purely  artificial 
character,  and  the  term  Embryology  is  now  employed  to  cover  the 
anatomy  and  physiology  of  the  organism  during  the  whole  period 
included  between  its  first  coming  into  being  and  its  attainment  of  the 
adult  state. 

The  subject-matter  of  the  science  of  Embryology  admits  of  a  two- 
fold classification.  It  may  be  placed  under  a  series  of  heads,  each 
dealing  either  with  a  special  group  of  organisms,  or  with  a  special  de- 
partment of  the  whole  science.  If  classified  in  the  first  of  these  ways 
the  science  will  naturally  be  divided  into  an  Embryology  of  Plants, 
and  an  Embryology  of  Animals  ;  each  of  which  admits  of  further  sub- 
division. In  the  second  way  the  subject  falls  under  two  primary 
heads ;  viz.  Physiological  Embryology  and  Anatomical  Embryology. 

The  present  treatise  deals  only  with  the  Embryology  of  Animals, 
and  is  further  confined  to  those  animals  known  as  Metazoa.  The 
science  is  moreover  treated  from  the  morphological  or  anatomical, 
rather  than  from  the  physiological  side. 

The  marvellous  phenomenon  of  the  evolution  of  a  highly 
complicated  living  being  from  a  simple  undifferentiated  germ  in 
which  it  needs  the  aid  of  the  most  modern  microscopical  appliances 
to  detect  any  visible  signs  of  life,  has  not  unnaturally  attracted  the 
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2  EMBRYOLOGY. 

attention  of  biologists  from  the  very  earliest  periods.  Before  the 
establishment  of  the  cell  theory  the  origin  of  the  organism  from  the 
germ  was  not  known  to  be  an  occurrence  of  the  same  nature  as  the 
growth  of  the  fully  formed  individual,  and  Embryological  investiga- 
tions were  mixed  up  with  irrelevant  speculations  on  the  origin  of  life'. 

The  difficulties  of  understanding  the  formation  of  the  individual 
from  the  structureless  genn  led  anatomists  at  pne  time  to  accept 
the  view  "according  to  which  the  embryo  preexisted,  even  though 
**  invisible,  in  the  ovum,  and  the  changes  which  took  place  during 
"  incubation  consisted  not  in  a  formation  of  parts,  but  in  a  growth, 
i.e.  in  an  expansion  with  concomitant  changes  of  the  already 
existing  genn.** 

Ureat  as  is  the  interest  attaching  to  the  simple  and  isolated  life 
histories  of  individual  organisms,  this  interest  has  been  increased 
tenfold  by  the  generalizations  of  Mr  Charles  Darwin. 

It  has  hmg  been  recognized  that  the  embryos  and  larvae  of  the 
higher  forms  of  each  group  pass,  in  the  course  of  their  development, 
through  a  series  of  stages  in  which  they  more  or  less  completely 
resemble  the  lower  fonns  of  the  group*.  This  remarkable  phenome- 
non receives  its  explanation  on  Mr  Darwin's  theory  of  descent. 
There  are,  according  to  this  theory,  two  guiding,  and  in  a  certain  sense 
antagonistic  principles  which  have  rendered  possible  the  present  order 
of  the  organic  world.  These  are  known  as  the  laws  of  heredity  and 
variation.  The  iirst  of  these  laws  asserts  that  the  characters  of  an 
organism  at  all  stages  of  its  existence  are  reproduced  in  its  descen- 
dants at  corresponding  stages.  The  second  of  these  laws  asserts  that 
offspring  never  exactly  resemble  their  parents.  By  the  common 
action  of  these  two  principles  continuous  variation  from  a  parent  type 
becomes  a  possibility,  since  every  acquired  variation  has  a  tendency 
to  be  inherited. 

The  remarkable  law  of  development  enunciated  above,  which  has 
been  extended,  especially  by  the  researches  of  Huxley*  and  Kowalevsky, 
beyond  the  limits  of  the  more  or  less  artificial  groups  created  by 
naturalists,  to  the  whole  animal  kingdom,  is  a  special  case  of  the  first 
of  the  alx)ve  laws.  This  law,  interpreted  in  accordance  with  the 
theory  of  descent,  asserts  that  each  organism  in  the  course  of  its  in- 
dividual ontogcmy  repeats  the  history  of  its  ancestral  development. 
It  may  be  sUited  in  another  way  so  as  to  bring  out  its  intimate  con- 

>  To  tliw  general  Riatement  Wolff  forms  a  remarkable  exception,  for  though  without 
any  clear  knowledge  of  what  we  caU  cellrt  he  had  very  distinct  notions  on  the  relations 
of  growth  ami  development. 

*  Von  Hacr  who  is  often  stated  to  have  established  the  above  generalization  reaUy 
maintained  a  somewhat  different  view.  He  held  (Uebfr  EntvicklungsaeifchichU  d. 
Thifrf,  p.  224)  that  tiic  embryos  of  higher  forms  never  resembled  the  eAxHi  stages  of 
lower  forms  but  merely  the  embryos  of  such  forms.  Von  Baer  was  mistaken  in  thus 
absolutely  limiting  the  generalization,  but  hirt  statement  is  much  more  nearly  true  than 
a  detiuit«*  statement  of  the  exact  similarity  of  the  embryos  of  higher  forms  to  the 
adults  of  lower  ernes. 

*  Huxley  was  the  first  to  shew  that  the  bo<ly  of  the  Coelenterata  was  formed  of  two 
layers,  and  to  identify  these  with  the  two  primary  germinal  layera  of  the  Vertebrata. 
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nection  with  the  laws  of  inheritance  and  variation.  Each  organism 
reproduces  the  variations  inherited  from  all  its  ancestors  at  successive 
stages  in  its  individual  ontogeny  which  correspond  with  those  at  which 
the  variations  appeared  in  its  ancestors.  This  mode  of  stating  the  law 
shews  that  it  is  a  necessary  consequence  of  the  law  of  inheritance. 
The  above  considerations  clearly  bring  out  the  fact  that  Comparative 
Embryology  has  important  bearings  on  Phylogeny,  or  the  history  of 
the  race  or  group,  which  constitutes  one  of  the  most  important 
branches  of  Zoology. 

Were  it  indeed  the  case  that  each  organism  contained  in  its  de- 
velopment a  full  record  of  its  origin,  the  problems  of  Phylogeny  would 
be  in  a  fair  way  towards  solution.  As  it  is,  however,  the  law  above 
enunciated  is,  like  all  physical  laws^  the  statement  of  what  would 
occur  without  interfering  conditions.  Such  a  state  of  things  is  not 
found  in  nature,  but  development  as  it  actually  occurs  is  the  re- 
sultant of  a  series  of  influences  of  which  that  of  heredity  is  only  one. 
As  a  consequence  of  this,  the  embryological  record,  as  it  is  usually 
presented  to  us,  is  both  imperfect  and  misleading.  It  may  be 
compared  to  an  ancient  manuscript  with  many  of  the  sheets  lost, 
others  displaced,  and  with  spurious  passages  interpolated  by  a  later 
hand.  The  embiyological  record  is  almost  always  abbreviated  in 
accordance  with  tne  tendency  of  nature  (to  be  explained  on  the 
principle  of  survival  of  the  fittest)  to  attain  her  ends  by  the  easiest 
means.  The  time  and  sequence  of  the  development  of  parts  is  often 
modified,  and  finally,  secondary  structural  features  make  their  ap- 
pearance to  fit  the  embryo  or  larva  for  special  conditions  of  existence. 
When  the  life  history  of  a  form  is  fully  known,  the  most  diflScult  part 
of  his  task  is  still  before  the  scientific  embryologist.  Like  the 
scholar  with  his  manuscript,  the  embryologist  has  by  a  process  of 
careful  and  critical  examination  to  determine  where  the  gaps  are 
present,  to  detect  the  later  insertions,  and  to  place  in  order  what  has 
been  misplaced. 

The  aims  of  Comparative  Embryology  as  restricted  in  the  present 
work  are  two-fold :  (1)  to  form  a  basis  for  Phylogeny,  and  (2)  to  form 
a  basis  for  Organogeny  or  the  origin  and  evolution  of  organs.  The 
justification  for  employing  the  results  of  Comparative  Embryology  in 
the  solution  of  the  problems  in  these  two  departments  of  science  is 
to  be  found  in  the  law  above  enunciated,  but  the  results  have  to 
be  employed  with  the  qualifications  already  hinted  at ;  and  in  both 
cases  a  knowledge  of  Comparative  Anatomy  is  a  necessary  prelude  to 
their  application. 

In  accordance  with  the  above  objects  Comparative  Embryology 
may  be  divided  into  two  departments. 

The  scientific  method  employed  in  both  of  these  departments 
is  that  of  comparison,  and  is  in  fact  fundamentally  the  same  as 
the  method  of  Comparative  Anatomy.  By  this  method  it  becomes 
possible  with  greater  or  less  certainty  to  distinguish  the  secondary 
from  the  primary  or  ancestral  embryonic  characters,  to  determine  the 
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relative  value  to  be  attached  to  the  results  of  isolated  oliservations, 
and  generally  to  construct  a  science  out  of  the  rough  mass  of 
collected  facts.  It  moreover  enables  each  observer  to  know  to  what 
points  it  is  important  to  direct  his  attention,  and  so  prevents  that 
simple  accumulation  of  disconnected  facts  which  is  too  apt  to  clog  and 
hinder  the  advance  of  the  science  it  is  intended  to  promote. 

In  the  department  of  Phylogeny  the  following  are  the  more  im- 
portant points  aimed  at. 

(1)  To  test  how  far  Comparative  Embryology  brings  to  light 
ancestral  fonns  common  to  the  whole  of  the  Metazoa.  Examples 
of  such  forms  have  been  identified  by  various  embryologists  in  the 
ovum  itself,  supposed  to  represent  the  unicellular  ancestral  form 
of  the  Metazoa :  in  the  ovum  at  the  close  of  segmentation  regarded 
as  the  polycellular  Protozoon  parent  form :  in  the  two-layered 
gastrula,  etc.,  regarded  by  Haeckel  as  the  ancestral  form  of  all  the 
Metazoa^ 

(2)  How  far  some  special  embryonic  larval  form  is  constantly 
reproduced  in  the  ontogeny  of  the  members  of  one  or  more  groups  of 
the  animal  kingdom ;  and  how  far  such  laryal  forms  may  be 
interpreted  as  the  ancestral  type  for  those  groups. 

As  examples  of  such  forms  may  be  cited  the  six-limbed  Nauplius 
supposed  by  Fritz  MilUer  to  be  the  ancestml  form  of  the  Crustacea ; 
the  trochosphere  lar\'a  of  Lankester,  which  he  considers  to  be  common 
to  the  Mollusca,  Vermes,  and  Echinodermata :  the  planula  of  the 
Coelenterata,  etc. 

(3)  How  far  such  forms  agree  with  living  or  fossil  forms  in  the 
adult  state;  such  an  agreement  being  held  to  imply  that  the  living  or 
fossil  form  in  question  is  closely  related  to  the  parent  stock  of 
the  group  in  which  the  larval  form  occurs.  It  is  not  easy  to 
cite  examples  of  a  very  close  agreement  of  this  kind  between  the 
lar\'al  forms  of  one  group  and  the  existing  or  fossil  forms  of  another. 
The  larvae  of  some  of  the  Cha^topoda  with  long  provisional  setae  resemble 
fossil  Chuitopods.  The  Rotifers  have  many  points  of  resemblance  to 
the  trochosphere,  especially  to  that  form  of  trochosphere  characteristic 
of  the  MoUusca.  The  Turbellarians  have  some  features  in  common  with 
the  Coelenterate  planula.  Some  of  the  Gephyrea  in  the  presence  of  a 
prajoral  lobe  resemble  certain  trochosphere  types.  The  larva  of  the 
Punicata  has  the  characters  of  a  simple  type  of  the  Chordata. 

Within  the  limits  of  a  single  group  agreements  of  this  kind  are 
fairly  numerous.  Jn  the  Onuiiata  the  tadpole  of  the  Anura  has  its 
living  represtjutative  in  the  Pisces  and  perhaps  especially  in  the  Myxi- 
noids.  The  larval  forms  of  the  Insecta  approach  Peripatus.  The 
stalked  larva  of  Comatula  is  reproduced  by  the  living  Pentacrinus 
and  Rhizocrinus  etc.  Numerous  (examples  of  the  same  phenomenon 
are  found  amongst  the  Crustacea. 

1  Tho  valiio  of  thc»e  identifi cations  aR  well  aR  of  tbone  below  is  diflCORiied  in  iiq 
appropriaU'  place  in  the  Inxly  of  tlie  work.  Tlieir  citation  here  iH  not  to  be  regarded 
UH  nrccaaarily  implying  my  acceptance  of  them. 
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(4)  How  far  organs  appear  in  the  embryo  or  larva  which  either 
atrophy  or  become  functionless  in  the  adult  state,  and  which 
persist  permanently  in  members  of  some  other  group  or  in  lower 
members  of  the  same  group.  Cases  of  this  kind  are  of  the  most 
constant  occurrence,  and  it  is  only  necessary  to  cite  such  examples  as 
the  gill-slits  and  WolflSan  body  in  the  embryos  of  higher  Craniata  to 
illustrate  the  kind  of  instance  alluded  to.  The  same  conclusions  may 
be  drawn  from  them  as  from  the  cases  under  the  previous  heading. 

(5)  How  far  organs  pass  in  the  course  of  their  development 
through  a  condition  permanent  in  some  lower  form.  Phylogenetic 
conclusions  may  be  drawn  from  instances  of  this  character,  though 
they  have  a  more  important  bearing  on  Organology  than  on  Phylogeny. 

The  considerations  which  were  used  to  show  that  the  ancestral 
history  is  reproduced  in  the  ontogeny  of  the  individual  apply  with  equal 
force  to  the  evolution  of  organs.  The  special  questions  in  Organology, 
on  which  Comparative  Embryology  throws  light,  maybe  classified  under 
the  following  heads. 

(1)  The  origin  and  homologies  of  what  are  known  as  the  germinal 
layers;  or  the  layers  into  which  the  embryo  becomes  divided  im- 
mediately after  the  segmentation. 

(2)  The  origin  of  primary  tissues,  epithelial,  nervous,  muscular, 
connective,  etc.,  and  their  relation  to  the  germinal  layers. 

(3)  The  origin  of  organs.  The  origin  of  the  primitive  organs  is 
intimately  connected  with  that  of  the  germinal  layers.  The  first 
differentiation  of  the  segmented  ovum  results  in  the  cells  of  the 
embryo  becoming  arraogecl  as  two  layers,  an  outer  one  known  as 
the  epiblast  and  an  inner  one  as  the  hypoblast.  The  outer  of  these 
forms  a  primitive  sensory  organ,  and  the  inner  a  primitive  digestive 
organ. 

(4)  The  gradual  evolution  of  the  more  complicated  organs  and 
systems  of  organs. 

This  part  of  the  subject,  even  more  than  that  dealing  with 
questions  of  Phylogeny,  is  intimately  bound  up  with  Comparative 
Anatomy ;  without  which  indeed  it  becomes  quite  meaningless. 


Reproduction. 

A  study  of  reproduction  logically  precedes  that  of  Embryology. 
Reproduction  essentially  consists  in  the  separation  of  a  portion  of  an 
organism  which  has  the  capacitv  of  developing  into  a  form  similar 
to  that  which  gave  it  origin.  The  simplest  modes  of  reproduction 
are  those  which  occur  amongst  the  Protozoa. 

In  this  group,  reproduction  may  take  place  in  a  great  variety 
of  ways.  These  may  be  classified  in  three  groups:  (1)  fission, 
(2)  budding  or  gemmation,  (3)  spore  formation. 

Reproduction  in  all  these  ways  may  take  place  either  subsequently 
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to  and  apparently  in  consequence  of  a  very  important  process  known 
as  conjugation,  which  consists  in  the  temporary  or  permanent  fusion 
of  two  or  more  individuals,  or  spontaneously,  i.e.  independently  of  any 
such  previous  conjugation. 

Reproduction  by  fission  consists  simply  in  the  division  of  the 
organism  into  two  similar  parts,  the  nucleus  when  present  becoming 
divided  simultaneously  with  the  cell  body.  This  mode  of  reproduction 
is  the  simplest  conceivable,  and  is  not  followed  by  a  development, 
since  the  two  organisms  produced  are  exactly  similar,  except  in 
size,  to  the  parent  form.  Besides  single  fission,  a  process  of  multiple 
fission  may  take  place,  as  amongst  the  Flagellata,  where  Drysdale 
and  Dallinger  have  shewn  that  an  individual  enclosed  within  a 
structureless  cyst  may  divide  fii*st  into  two,  then  into  four,  and  so  on. 

The  process  of  budding  differs  mainly  from  that  of  simple  fission 
in  the  fact  that  the  two  organisms  produced  are  dissimilar  in  size,  and 
also  that  the  separation  of  the  smaller  organism  from  the  larger  is 
preceded  by  a  process  of  growth  in  the  latter,  so  that  in  the  separation 
of  the  bud  no  essential  part  of  the  parent  form  is  removed.  This  mode 
of  reproduction  is  found  amongst  the  Infusoria,  Acineta,  &c.  An  in- 
teresting variation  in  it  is  the  internal  gemmation  of  many  of  the 
Acineta,  where  a  portion  of  the  intenial  protoplasm  with  part  of  the 
nucleus  is  separated  off  to  form  a  fresh  individual.  This  mode  of 
gemmation  is  connected  by  a  series  of  gradations  with  the  normal 
external  gemmation.  The  organisms  pro<luced  by  gemmation  are  not 
always  similar  at  birth  to  the  parent ;  e.g.  Acineta. 

Both  fission  and  gemmation  when  incomplete  lead  to  the  forma- 
tion of  colonies. 

The  third  mode  of  reproduction,  by  spore  formation,  does  not  essen- 
tially differ  from  that  by  multiple  fission.  It  consists  in  the  breaking 
up  of  the  organisms  into  a  number  (usually  very  considerable)  of 
]>ortions ;  each  of  which  eventually  developes  into  an  organism  like 
the  parent  form.  All  gradations  between  a  simultaneous  division  of 
the  organism  into  such  spores  and  simple  multiple  fission  are  to  be 
found,  but  this  process  of  reproduction  may  be  sometimes  distin- 
guished from  that  by  such  fission  by  the  fact  that  the  two  processes 
may  coexist  in  a  single  form,  e.g.  the  biflagellate  monad  of  Drysdale 
and  Uallinger.  In  the  mnjority  of  cases  the  spores  produced  differ 
at  first  from  the  parent  organism  not  only  in  size  but  in  other  points, 
such  as  the  possession  of  a  flagellum,  etc.  They  may  even  be  with- 
out a  nucleus  when  the  parent  organism  is  nucleated,  as  in  the 
(Jrcgarinidie. 

The  encystment,  which  in  many  cases  precedes  reproduction  by 
any  of  the  above  processes,  and  more  especially  by  spores,  is  not  an 
ess.nitial  condition  of  their  occurrence;  and  is  probably  in  the  first 
instance  a  protective  arrangement  which  has  become  secondarily 
adapted  to  and  connected  with  reproduction. 

.\s  has  iK'cn  already  stated,  all  the  above  modes  of  reproduction 
take  placi'  in  some  of  the  Protozria  without  any  anterior  process 
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which  caa  be  regarded  as  of  a  sexual  nature ;  but  very  often  they 
are  preceded  by  the  temporary  or  permanent  fusion  of  two  or  more 
individuals,  such  fusion  being  known  as  conjugation. 

In  most'  cases  reproduction  by  spores  is  the  consequence  of 
conjugation,  but  in  the  Infusoria  etc.  where  the  fusion  at  conjugation 
is  temporary  (except  Vorticella),  there  is  probably  merely  a  renewed 
activity — a  rejuvenescence — which  most  likely  results  in  active 
fission  or  budding.  In  the  Gregarinidae  reproduction  by  spores 
usually  follows  conjugation,  but  may  also  take  place  without  it.  In 
some  Flagellata  reproduction  by  spores  follows  the  conjugation  of 
two  individuals  in  a  different  stage  of  development.  Thus  in  the 
springing  Monad,  described  by  Drysdale  and  Dallinger,  a  form 
produced  by  the  fission  of  a  monad  in  an  amoeboid  condition  fuses  with 
an  ordinary  monad  to  produce  an  individual,  which  then  breaks  up  into 
spores.  Another  instance  of  the  fusion  of  dissimilar  individuals  is 
afforded  by  Vorticella,  where  a  free-swimming  individual  conjugates 
and  is  permanently  united  with  a  fixed  one  (Engelmann,  Biitschli). 
Conjugation  often  consists  in  the  fusion  of  more  than  two  individuals. 
In  conjugation  where  the  fusion  is  permanent,  the  nuclei  of  the 
conjugating  forms  usually  unite  before  the  product  breaks  up  into 
spores ;  and  where  temporary  fusion  occurs  in  the  Infusoria  a  division 
of  the  paranuclei  and  often  of  the  nuclei  takes  place,  followed  by  the 
ejection  of  parts  of  them,  and  a  reproduction  of  new  paranuclei  and 
nuclei  from  the  remainder  of  the  original  structures. 

In  order  to  understand  the  meaning  of  conjugation  in  connection 
with  reproduction,  it  is  important  to  understand  how  the  two  became 
in  the  first  instance  related.  For  the  solution  of  this  question  the  fact 
that  many  Protozoa  have  the  capacity  of  temporarily  or  permanently 
fusing  together  without  an  immediate  act  of  reproduction  is  of  great 
importance.  A  good  example  of  such  fusion  is  supplied  by  Actino- 
phrys.  We  must  suppose  in  fact  that  the  simple  coalescence  of 
two  or  more  individuals  gives  a  suflScient  amount  of  extra  vigour 
to  their  product,  to  compensate  the  race  for  the  loss  in  number 
of  individuals  so  caused.  This  extra  vigour  probably  first  exhibited 
itself  especially  by  increased  activity  in  reproduction,  till  finally  the 
two  processes,  viz.  that  of  conjugation  and  that  of  reproduction,  came 
to  be  inseparably  connected  together. 

The  reproduction  of  the  forms  above  the  Protozoa,  which  are 
known  as  the  Metazoa,  takes  place  by  two  methods,  viz.  a  sexual  and 
an  asexual  one.  The  sexual  process,  which  occurs  in  every  known 
Metazoon',  consists  essentially,  as  is  shewn  in  the  second  chapter  of  this 
work,  in  the  fusion  of  two  cells,  viz.  the  female  cell  or  ovum,  and  the 
male  cell  or  spermatozoon,  and  of  the  subsequent  division  of  the 
compound  cell  so  produced  into  a  number  of  parts  which  build  them- 
selves up  into  an  organism  resembling  one  of  the  parents.  The 
sexual  process  has  obviously  at  first  sight  a  very  close  resemblance  to 

^  Dicyema,  if  it  is  a  true  Metazoon,  would  seem  to  form  an  exception  to  this  rule. 
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the  process  of  conjugation.  Since  it  is  a  question  of  fundamental 
importance  to  determine  how  sexual  reproduction  originated,  it 
becomes  necessary  to  examine  how  far  this  apparent  resemblance 
is  a  real  one,  and  how  far  sexual  reproduction  can  be  derived  from 
reproduction  following  upon  conjugation. 

In  spite  of  the  general  similarity  between  the  two  processes  there  is 
an  obvious  difficulty  in  comparing  them,  in  that  the  result  of  con- 
jugation is  usually  the  breaking  up  of  the  individual  formed  by  the 
fusion  of  two  other  individuals  into  a  number  of  new  organisms,  while 
the  result  of  the  fusion  which  takes  place  in  sexual  reproduction  is 
the  formation  of  a  single  neiv  organism.  This  difference  between  the 
two  pnx;esses,  great  as  it  is,  is  perhaps  apparent  rather  than  real.  It 
must  be  remembered  that  a  single  individual  Metazoon  is  equivalent 
to  a  number  of  Protozoa  coalesced  to  form  a  single  organism  in  a 
higher  state  of  aggregation.  It  results  from  this  that  the  segmenta- 
tion of  the  ovum  which  follows  the  sexual  act  may  be  compared  to  the 
breaking  up  of  the  product  of  conjugation  into  spores,  the  difference 
between  the  two  processes  consisting  in  the  fact  that  in  the  one  case 
the  spores  separate  each  to  form  an  independent  organism,  while  in  the 
other  they  remain  united  and  give  rise  to  a  single  compound  organism. 

If  the  al)ove  considerations  are  well  founded  it  seems  permissible 
to  accept  the  general  view  according  to  which  sexual  reproduction  is 
derived  from  conjugation.  It  is  necessary  to  suppose  that,  in  a 
rolony  of  Protozoa  in  the  course  of  becoming  a  Metazoon,  the  capacity 
of  reproduction  by  spores  became  localized  in  certain  definite  cells, 
and  although  the  formation  of  spores  from  these  cells  may  have  been 
|x>s«ible  without  previous  conjugation,  yet  that  conjugation  gradually 
became  established  as  the  rule.  The  differentiation  of  primitively 
similar  conjugating  cells  into  male  and  female  cells  was  probably  a 
very  early  occurrence,  since  indications  of  an  analogous  differentiation, 
as  has  alrearly  been  mentioned,  are  found  in  certain  existing  Protozoa 
(Monads,  Vorticella,  etc.).  I  have  attempted  to  shew  in  the 
s«?cond  chapter  that  the  breaking  up  of  the  cell  into  spores  without 
previt»us  conjugatit)n  is  perhaps  provided  against  in  the  extnision  of 
the  so-cailed  *  directive  1km ly '. 

With  the  differentiation  of  special  germinal  cells,  to  take  the  place 
of  the  whole  individual  in  the  act  of  conjugation,  the  possibility  of 
each  act  of  conjugation  resulting  in  the  production  of  only  a  single 
or<^^anisin  bwame  introduced,  (iorminal  cells  can  be  indefinitely  pro- 
tluced,  and  the  reprodurtive  cajwurity  of  a  single  individual  is  there- 
fore* unlimited ;  while  if  two  whole  individuals  conjugated  and  only 
produced  one  from  the  process,  the  result  would  be  a  diminution 
insterul  of  an  increase  in  the  race*. 

'  In  tlie  vrj»t't»il»l<'  kii)K<l(>ni  tli«'n»  are  iininWrM  of  tyi)eK  of  ThaUophytos,  which  throw 
H  cniisidoralilp  uinouiit  of  li^ht  on  tlio  relation  between  sexual  reproduction  and  con- 
jii};ati<»n.  SnbjoiniHl  are  a  few  of  tlie  inon>  Ktrikinf?  caseR.  In  Pandorina  at  the  time 
of  S4'xuiil  repHNliK'tion  the  cells  wiiieh  constitute  a  colony  divido  each  into  pixteen,  and 
the  ])nNluctrt  of  their  divJKion  are  net  free.  Pairs  of  them  then  conjugate  and  perma- 
nently fuM*.     After  a  resting  hta<!o  the  protoplasm  is  Hct  free  from  its  envelope  after 
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It  must  be  admitted  that,  in  the  present  state  of  our  knowledge, 
the  passage  from  reproduction  by  spores  following  conjugation,  to 
true  sexual  reproduction,  can  only  be  traced  in  a  very  speculative 
manner,  and  that  a  further  advance  in  our  knowledge  may  prove  that 
the  steps  which  I  have  attempted  to  sketch  out  arc  far  from  repre- 
senting the  tnie  origin  of  sexual  diflFerentiation.  The  peculiar  con- 
jugation and  fusion  of  two  individuals  to  form  Dtplozoon  paradoxum 
may  be  alluded  to  in  this  connection.  This  fusion  merely  results  in 
the  attainment  of  sexual  maturity  by  the  two  conjugating  individuals. 
It  does  not  appear  to  me  probable  that  this  conjugation  is  in  any 
way  connected  with,  the  conjugation  of  the  Protozoa,  but  the  reverse 
must  be  borne  in  mind  as  a  possibility. 

It  is  not  easy  to  decide  whether  the  hermaphrodite  or  the  dioecious 
state  is  the  primitive  one,  or  in  other  words  whether  the  two  con- 
jugating cells,  from  which  I  have  supposed  the  sexual  products  to 
originate,  were  derived  in  the  first  instance  from  one  or  from  two 
colonies  of  Protozoa.  On  purely  d priori  grounds  it  seems  probable  that 
they  were  originally  formed  in  one  colony,and  that  their  derivation  from 
two  colonies  or  individuals  was  inaugurated  when  the  spermatozoon 
became  motile.  There  can  be  no  doubt  that  the  dioecious  state  is  a 
very  early  one,  and  that  the  majority  of  existing  cases  of  hermaphro- 
ditism are  secondary. 

The  above  considerations  with  reference  to  the  male  and  female 
cells  appear  to  indicate  that  they  were  primitively  homodynamous ;  a 
conclusion  which  is  on  the  whole  borne  out  by  the  history  of  their 
development. 

Although  the  modes  of  reproduction  amongst  the  Metazoa  have 
been  divided  into  the  classes  sexual  and  asexual,  there  is  nevertheless 
one  mode  of  asexual  reproduction  which  ought  to  be  classified  with 
the  sexual  rather  than  with  the  asexual  modes.  I  mean  partheno- 
genesis, which  consists  essentially  in  the  development  of  the  ovum 
into  a  fresh  individual  without  previous  coalescence  with  the  male 
element.  This  mode  of  reproduction,  which  has  a  very  limited 
range  in  the  animal  kingdom,  being  confined  to  the  Arthropoda 
and  Rotifera,  is  undoubtedly  secondarily  derived  from  sexual  repro- 
duction. The  conditions  of  its  occurrence  are  discussed  in  the  second 
chapter. 

It  is  remarkable  that  in  certain  cases  the  absence  of  fertilization 
causes  the  production  of  males  (Bees,  a  Saw-fiy,  Nematus  ventricosus, 

diviRion  into  two  or  fonr  parts.  Each  of  these  then  divides  into  sixteen  coherent  cells 
aud  constitutes  a  new  Pandorina  colony.  In  G^idogoninm  the  fertilization  is  effected 
by  a  spermatozoon  fusing  with  an  oosphere  (oTum).  The  fertilized  oosphere  (oospore) 
then  undergoes  segmentation  like  the  ovum  of  an  animal ;  but  the  segments,  instead  of 
uniting  to  form  a  single  organism,  separate  from  each  other,  and  each  of  them  gives 
riite  to  a  fresh  individual,  (swarm-spore)  which  grows  into  a  perfect  CEdogoniom.  In 
Coleochccte  the  impregnation  and  segmentation  take  place  nearly  as  in  (Edogo- 
nium,  but  tlie  segments  remain  united  together,  acquire  definite  cell  walli*,  and  form  a 
single  embryo  There  is  in  fact  in  Celeochiete  a  true  sexual  reproduction  of  theordinaiy 
type.  {Vidr  S.  H.  Vines  **  On  alternation  of  generation  in  the Thallophytes. '*  Journal 
of  Botany,  Nov.,  1879.) 
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etc.)>  niore  usually  it  results  in  the  production  of  females  only,  and 
there  are  very  oflen  in  the  Arthropoda  a  series  of  successive  gene- 
rations of  females  all  producing  ova  which  develope  partheno- 
genetically  into  females;  eventually  however,  usually  in  direct  or 
indirect  connection  with  a  change  of  food  or  temperature,  or  other 
conditions,  ova  are  formed  which  give  rise  without  fertilization  both 
to  males  and  females. 

The  true  asexual  modes  of  reproduction  amongst  the  Metazoa 
consist  of  fission  and  gemmation.  Gemmation  is  by  far  the  most 
widely  disseminated  of  the  two.  Various  as  are  the  methods  in 
which  it  takes  place,  it  seems  nevertheless  that  cells  derived  from  all 
the  germinal  layers,  and  very  frequently  from  all  the  important 
organs  of  the  adult,  assist  in  forming  the  bud.  Into  the  details  of 
the  process,  which  require  in  many  points  a  fuller  elucidation,  it 
is  not  my  purpose  to  enter. 

Gemmation  is  a  far  commoner  occurrence  amongst  the  simpler 
than  amongst  the  more  highly  organised  forms.  It  appears  to  have 
been  superadded  to  the  sexual  mode  of  reproduction  quite  inde- 
pendently in  a  number  of  different  instances. 

While  there  is  no  difficulty  in  understanding  how  gemmation  may 
have  started  in  such  simple  types  as  the  Coelenterata,  the  manner 
in  which  it  first  originated  in  certain  highly  organised  forms,  as  for 
instance  the  Ascidians,  is  somewhat  obscure,  but  it  seems  probable 
that  it  began  with  the  division  of  the  developing  germ  into  two  or 
more  embryos,  at  a  very  early  stage  of  growth. 

Such  a  division  of  the  germ  is,  as  has  been  shewn  by  Kleinenberg, 
normal  in  Lumbricus  trapezoides^  and  Haeckel  has  shewn  that  an 
artificial  division  of  the  germ  in  the  Siphonophora  leads  to  the 
development  of  two  individuals.  It  has  been  pointed  out  by 
various  naturalists  that  the  production  of  double  monsters  is 
often  a  phenomenon  of  the  same  nature.  While  it  is  next  to 
imjKiSsible  to  understand  how  production  of  a  bud  could  commence 
for  the  first  time  in  the  adult  of  a  highly  organised  form,  it 
is  not  difficult  to  fonn  a  picture  of  the  steps  by  which  the  fission 
(»f  the  germ  might  eventually  lead  to  the  formation  of  buds  in  the 
adult  state. 

The  coexistence  of  sexual  reproduction  with  normal  asexual  multi- 
plication, or  with  parthenogenesis,  has  le<l  to  a  remarkable  pheno- 
menon in  the  animal  kingdom  known  as  alternations  of  generations'. 

For  the  details  of  the  various  types  of  alternations  of  generations, 
and  their  origin,  the  reader  is  referred  to  the  body  of  the  work ;  but 
a  few  general  remarks  on  the  nature  and  origin  of  the  process,  and 
on  its  nomenclature,  may  conveniently  be  introduced  in  this  place. 

^  The  case  of  Pyroaoma,  which  might  bo  cited  in  this  connection,  is  probably 
secondary. 

-  F«>r  an  excellent  account  of  this  subject,  \'ide  Allen  Thomson's  article  Ovum  in 
T(m1(1's  (\ifrIoprrdio.  The  metamorphosis  of  the  Echinoderms  included  under  this  head 
in  Thumnon'H  Article  is  now  known  not  to  be  a  proper  case  of  alternations  of  generations. 
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The  simplest  cases  are  those  in  which  an  individual  which  produces 
by  sexual  means  gives  origin  to  asexual  individuals  differently  or- 
ganised to  itself,  which  produce  by  budding  the  original  sexual  form, 
and  so  complete  a  cycle.  Instances  of  this  kind  are  supplied  by  the 
Hydrozoa,  Annelida  and  Tuuicata.  In  the  case  of  the  Tunicata 
(Doliolum)  two  different  asexual  generations  may  be  interpolated 
between  the  sexual  generations.  In  fill  these  cases  the  origin  of  the 
phenomenon  is  easily  understood.  It  appears,  as  is  most  clearly  shewn 
m  the  case  of  the  Annelida,  that  the  ancestors  of  the  species  which 
now  exhibit  alternations  of  generations  originally  reproduced  them- 
selves at  the  same  time  both  sexually  and  by  budding,  though 
probably  the  two  modes  of  reproduction  did  not  take  place  at  the 
same  season.  Gradually  a  differentiation  became  established,  by 
which  sexual  reproduction  was  confined  to  certain  individuals,  which 
in  most  instances  did  not  also  reproduce  asexually.  After  the  two 
modes  of  reproduction  became  confined  to  separate  individuals,  the 
dissimilarity  in  habits  of  life  necessitated  by  their  diverse  functions 
caused  a  difference  in  their  organization ;  and  thus  a  complete 
alternation  of  generations  became  established.  The  above  is  no 
merely  speculative  history,  since  all  gradations  between  complete 
alternations  of  generations  and  simple  budding  combined  with  sexual 
reproduction  can  be  traced  in  actually  existing  forms. 

The  alternation  of  generations  as  it  is  found  amongst  the  Ento- 
parasitic  Trematodes  and  most  Cestodes,  is  to  be  explained  in  a 
slightly  different  way. 

It  appears  that  in  these  parasitic  forms  a  complicated  metamor- 
phosis first  arose  from  the  parasite  having  to  accommodate  itself 
to  the  different  hosts  it  was  compelled  to  inhabit,  owing  to  the 
liability  of  its  primitive  and  subsequent  hosts  to  be  devoured'.  A 
capacity  for  asexual  multiplication — obviously  of  immense  advantage 
to  a  parasite — appears  to  have  been  acquired  in  some  of  the 
stages  of  this  metamorphosis,  and  an  alternation  of  generations 
thus  established. 

A  nearly  parallel  series  to  that  exhibiting  alternations  of  sexual 
generations  with  generations  which  produce  by  budding  is  supplied 
by  the  cases  where  sexual  generations  alternate  with  parthenogenetic 
ones,  or  in  some  instances  even  with  larvae  which  reproduce  sexually 
or  else  parthenogenetically. 

The  best  known  examples  of  this  form  of  alternations  of  genera- 
tions are  found  amongst  the  Insecta*.  A  simple  case  is  that  of  the 
Aphides.  The  ova  deposited  by  impregnated  females  give  rise 
to  forms  differently  organised  to  the  parents  but  provided  with  an 

1  The  appearance  of  Yertebrata  on  the  globe  as  the  forms  which  most  frequently 
preyed  on  Invertebrate  forms,  and  were  themselves  not  so  liable  to  be  devoured,  has  no 
doubt  bad  a  great  influence  on  the  metamorphosis  of  internal  parasites,  and  has 
amongHt  other  things  resulted  in  these  parasites  usuaUy  reaching  Uieir  sexual  state  in 
a  vertebrate  host. 

'  For  details  vide  Chapter  on  Insecta. 
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ovary*.  The  eggs  from  the  ovary  develope  parthenogenetically 
within  the  oviduct,  and  so  long  as  there  is  plenty  of  food  and  warmth 
the  generations  produced  are  always  parthenogenetic  forms.  The 
failure  of  warmth  and  nutriment  causes  the  production  of  true  males 
and  females,  and  so  the  cycle  is  completed.  We  must  suppose  that 
the  capacity  possessed  by  so  many  female  insects  of  producing  eggs 
capable  of  developing  without  the  influence  of  the  male  element,  has 
been,  so  to  speak,  taken  hold  of  by  natural  selection,  and  has  led  to 
the  production  of  viviparous  parthenogenetic  forms,  by  which,  so  long 
as  food  is  abundant,  a  clear  economy  in  reproduction  is  effected.  The 
continuance  of  the  species  during  winter  is  secured  by  the  production 
of  males  and  females,  the  females  laying  eggs  in  autumn  which  are 
hatched  in  the  spring. 

In  Chermes  there  is  less  modification  of  the  primitive  condition 
in  that  the  parthenogenetic  generations  lay  their  eggs  like  the 
impregnated  females.  In  the  gall-flies  (Cynipidae),  there  is  frequently 
an  alternation  of  generations  of  the  same  kind  as  in  Chermes ;  there 
being  no  viviparous  forms.  The  individuals  of  the  different  genera- 
tions differ  from  each  other  to  some  extent  in  all  these  cases. 

A  second  type  of  alternations  of  parthenogenetic  and  sexual 
generations  is  exemplified  by  the  cases  of  Chironomus  and  Cecidomyia, 
where  the  larvie  which  develope  from  the  eggs  of  the  fertilizeil 
female  produce  parthenogenetically,  by  means  of  true  ova,  forms 
which  eventually  after  several  generations  (Cecidomyia)  of  larval 
reproduction  give  rise  to  sexual  forms.  The  explanation  is  here 
practically  the  same  as  in  the  case  of  Aphis,  and  is  paralleled  in  the 
gemmi parous  series  by  the  production  of  buds  in  the  larval  forms  of 
Trematoiies,  etc.  A  very  similar  occurrence  takes  place  in  Ascaris 
nigrovenosa  (vide  chapter  on  Nematoidea),  except  that  larval  forms, 
which  carry  on  reprmluction  and  then  perish  without  developing 
farther,  do  so  by  a  true  sexual  process.  Thus  there  is  an  alternation 
of  generations  of  adult  and  larval  sexual  forms.  The  AxolotI  is  an 
intermittent  examjJe  of  the  same  phenomenon. 

As  might  be  anticipated  from  the  mode  in  which  alternations  of 
generations  have  become  established,  incomplete  approximations  to  it 
are  not  uncommon.  Such  approximations  are  especially  found  in  the 
Arthrop<Kla,  where  alternations  of  sexual  and  parthenogenetic  gene- 
mtions  frequently  take  place,  in  which  the  individuals  of  different 
generations  are  similarly  organised  (Psychidae,  Apus,  &c.).  Another 
approximation  is  afforded  by  the  parthenogenetic  winter  eggs  of 
Leptoilora  amongst  the  Phyllopods,  which  give  rise  to  Nauplius 
larva*,  while  the  young  hatched  from  the  summer  eggs  do  not 
|>ass  through  a  metamorphosis.  Numerous  transitional  cases  are  also 
found  .amongst  the  forms  in  which  there  is  an  alternation  of  sexual 
and  gemmi  parous  generations. 

The  whole  of  the  cases  to  which  allusion  has  been  made  in  this 

*  The  di8tiiictioD  drawn  by  Huxley  between  ova  and  pseudova  does  not  appear  to 
mc  a  convenient  one  in  practice. 
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section  may  be  conveniently  classed  under  tlie  term  alternations  of 
generations,  but  the  cases  of  alternation  of  two  sexual  generations,  and 
of  sexual  and  parthenogenetic  generations,  are  classified  by  Leuckart, 
Claus,  etc.  as  cases  of  heterogeny,  which  they  oppose  to  the  other 
form  of  alternation  of  generations.  If  special  terms  are  to  be  adopted 
for  the  two  kinds  of  alternation  of  generations,  it  would  be  perhaps 
convenient  to  classify  the  cases  of  alternations  of  sexual  and  gemmi- 
parous  generations  under  the  term  metagenesis,  and  to  employ 
the  term  heterogamy  for  the  cases  of  alternation  of  sexual  and  par- 
thenogenetic generations. 

The  term  Nurse  {German  Amme),  employed  for  the  asexual 
generations  in  metagenesis,  may  advantageously  be  dropped  alto- 
gether. 


CHAPTER  I. 


THE  OVUM  AND   SPERMATOZOON. 


The  Ovum. 

ThB  complete  developmental  history  of  any  being  constitutes 
a  cycle.  It  is  therefore  permissible  in  treating  of  this  history  to 
begin  at  any  point.  As  a  matter  of  convenience  the  ovum  appears  to 
be  the  most  suitable  point  of  departure.  The  question  as  to  the 
germinal  layer  from  which  it  is  ultimately  derived  is  dealt  with  in  a 
subsequent  port  of  the  work;  the  present  chapter  deals  with  its 
origin  and  growth. 


General  Bistort/  of  the  Ooum. 

Every  young  ovum  (fig.  1)  has  the  character 
of  a  simple  cell.  It  is  formed  of  a  mass  of 
naked  protoplasm  (a),  containing  in  its  iot«rior 
a  nucleus  (b),  within  which  there  is  a  nucleolus 
(c).  The  nucleus  and  nucleolus  are  usually 
known  as  the  germinal  vesicle  and  germinal 
spot. 
P  The  ovum  so  constituted  is  developed  either 

(1)  from  one  cell  out  of  an  i^gregation  or  layer 
^^  of  cells  all  of  which  have  the  capacity  of  be- 

pluni  6^uclBni'(Ker-  coming  ova ;  or  (2)  from  one  out  of  a  number 
duimI  >eaicle).  c.  Nu-  of  cells  segmented  off  from  a  nucleated  mass 
elMliu  (gemiiDBJ  .pot),  of  protoplasm,  not  divided  into  separate  ceUs. 
In  both  cases  the  cells  whicn  have  the  capacity  of  becoming  ova 
way  be  spoken  of  as  germinal  cells,  and  in  the  case  where  the  ova 
are  ultimately  developed  from  a  nucleated  mass  of  protoplasm  the 
latter  structure  may  be  called  a  germogen. 

In  some  cases  the  whole  of  the  germinal  cells  eventually  become 

ova,  but  as  a  rule  only  a  small  proportion  of  them  have  this  fate,  the 

remainder  undergoing  various  changes  to  be  spoken  of  in  the  sequel 

Extended  investigations  have  shewn  that  the  distinction  between 
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germinal  cells  which  are  independent  cells  from  the  first,  or  derived 
from  a  germogen  in  which  the  nucleated  protoplasm  is  not  divided 
into  cells,  is  an  unimportant  one ;  and  closely  allied  forms  tnay 
differ  in  this  respect.  It  is  moreover  probable  that  a  germogen 
of  nucleated  protoplasm  is  less  common  than  is  often  supposed :  it 
being  a  matter  of  great  difficulty  to  determine  the  structure  of 
the  organs  usually  so  described.  A  germogen  is  stated  to  be  found  in 
most  Platyelminthes,  Nematoidea,  Discophora,  Insecta,  and  Crustacea. 

A  more  important  distinction  in  the  origin  of  the  germinal  cells 
is  that  afibrded  by  their  position.  In  this  respect  three  groups  may 
be  distinguished.  (1)  The  germinal  cells  may  form  the  lining  of  a 
sack  or  tube,  having  the  form  of  a  syncytium  or  of  an  epithelium 
of  separate  cells  (Platyelminthes,  MoUusca,  Rotifera,  £chinodermata, 
Nematoidea,  Arthropoda).  (2)  Or  they  may  form  a  specialized  part  of 
the  epithelium  lining  the  general  body  cavity  (Chaetopoda,  Gephyrea, 
Vertebrata).  (3)  Or  they  may  form  a  mass  placed  between  the 
two  elsewhere  contiguous  primitive  germinal  layers  (Coelenterata^). 

Types  of  transition  between  the  fii*st  and  second  group  are 
not  uncommon.  Such  types,  properly  belonging  to  the  second 
group,  originate  by  a  special  membranous  sack  continuous  with 
the  oviduct  being  formed  round  the  primitively  free  patch  of  germinal 
cells.  Examples  of  this  are  afibrded  by  the  Discophora,  the  Teleostei, 
etc.  It  is  very  probable  that  all  the  cases  which  fall  under  the  first 
heading  may  have  been  derived  firom  types  which  belonged  to  the 
second  group. 

The  mode  of  conversion   of  the   germinal 
cells  into  ova  is  somewhat  diverse.     Before  the 
change  takes  place  the  germinal  cells  frequently 
multiply  by  division.     The  change  itself  usually 
involves    a    considerable    enlargement   of    the 
germinal   cell    and  generally  a  change  in  the     cabI'La^' (G^e^yoni!^ 
character  of  the  germinal  vesicle,  which  in  most     hastata.    (Copied  from 
young  ova  (fig.  2)  is  very  large  as  compared  to     Haeckel.) 
the  body  of  the  ovum.     The  most  complicated     g^f^^^Jify^L 
history  of  this  kind  is  that  of  the  ovum  of  the     gm,  Germinal  spot. 
Craniata.     (Vide  pp.  45,  46) 

The  ovum  in  its  young  condition  is  obviously  nothing  but  a  simple 
cell ;  and  such  it  remains  till  the  period  when  it  attains  maturity. 

Nevertheless  the  changes  which  it  undergoes  in  the  course  of 
its  growth  are  of  a  very  peculiar  kind,  and,  consisting  as  they  do 
in  many  instances  of  the  absorption  of  other  cells,  have  led  various 
biologists  to  hold  that  the  ovum  is  a  compound  structure.  It 
becomes  therefore  necessary  to  consider  the  processes  by  which  the 
growth  and  nutrition  of  the  ovum  is  effected  before  dealing  with  the 
structure  of  the  ovum  at  all  periods  of  its  history. 

^  In  all  the  Metazoa  the  generatiye  organs  are  placed  between  the  primitive  germinal 
layers;  and  the  peculiarity  of  their 'position  in  the  Ccelenterata  depends  on  the  absence 
of  a  body  cavity  and  of  a  distinct  mesoblast. 


16 


GENERAL  tllSTORT. 


Fw. 


-(ire.) 


The  oTum  is  of  course  nourished  like  every 
other  cell  by  the  nutritive  fluids  in  which  it 
is  surrounded,  and  special  provisions  are  made 
for  this,  in  that  the  ovary  is  very  frequently 
placed  in  contiguity  with  vascular  channels. 
But  in  addition  to  such  nutrition  a  further 
nutrition,  the  details  of  which  are  given  in  the 
special  part  of  this  chapter,  is  provided  for  in 
the  geruiinal  cells  which  do  not  become  ova. 

In  the  simplest  case,  as  in  many  Hydrozoa, 
(fig.  3),  the  germiual  cells  which  do  uot  become 
ova  are  assimilated  by  the  ovum  much  in  the 
manner  of  an  Amceba. 

In  other  cases  the  ovum  becomes  invested 

by  a  special  layer  of  cells,  which  then  constitutes 

what  is  known  as  a  follicle.     Tlie  cells  which 

form  the   follicle  are  often  germinal  cells,  e.g. 

Holothuria,  Insecta  (fig.  17),  Vertebrata  {fig.iy>. 

„    .  In  other  cases  they  seem  rather  to  be  adjoining 

ip   %i^'  (Ecto-     connective-tissue  or  epithelioid  cells,  though  it  is 

(E^odenu).  or^vnin.     sometimes  diflBcult  to  draw  the  line  between  such 

g.e.  Uenuiiial  c«Uii.  Cells  and  germinal  cells.     Examples  of  follicles 

formed  of  ordinary  connective-tissue   cells,  are 

supplied  by  Asterias,  Bonollia  (fig.  16),  Cephalopoda  (fig.  14),  etc. 

A  membrane  enclosing  the  ovum  without  a  lining  of  cells,  as  in  many 
Aracfauidit,  vide  p.  41,  Las  no  true  analogy  with  a  follicle  and  does  not 
deserve  the  same  name. 

The  function  of  the  follicle  cells  appears  to  be,  to  elaborate  nutri- 
ment for  the  growth  of  the  ovum.  The  follicle  cells  are  not  as  a  rule 
directly  absorbed  into  the  body  of  the  ovum,  though  in  some  instances, 
aa  in  Sepia  {vide  p.  .32),  they  are  eventually  assimilated  in  this  way. 

In  many  cases  some  of  the  germinal  cells  form  a  follicle,  while 
other  germinal  cells  form  a  mass  within  the  follicle  destined  even- 
tually to  be  used  as  pabulum.  Insects  supply  the  best  known  examples 
of  this,  hut  Piscicula,  Bouellia  (?)  may  also  be  cited  as  examples  of 
the  same  character.  In  the  Craniata  (p.  45,  46)  some  of  the  germinal 
cells  which  advance  a  certain  distance  on  the  road  towards  becoming 
ova,  are  eventually  used  as  pabulum,  before  the  formation  of  the 
follicle;  while  other  germiual  cells  form  at  a  laterperiod  the  follicular 
epithelium.  A  peculiar  case  is  that  of  the  Platyelminthes  (fig.  9), 
wnere  a  kind  of  follicle  is  constituted  by  the  cells  of  a  specially 
differentiated  part  of  the  ovniy,  known  as  the  yolk-gland.  The  cells 
of  this  follicle  may  either  remain  distinct,  and  continue  to  surround 
the  ovum  afier  its  development  has  commenced,  and  so  he  used  a^ 
food  by  the  cmbrjo;  or  they  may  secrete  yolk  particles,  which  enter 
directly  into  the  protoplasm  of  the  ovum. 

Fi)r  further  variations  in  the  mode  of  nutrition  the  reader  is 
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referred  to  the  Bpecial  part  of  this  chapter.  Suffice  it  to  say  that 
Done  of  the  kaown  modes  of  nutritioa  indicate  that  the  ovum  become 
a  compouod  body  any  more  thao  the  fact  of  an  Amoeba  feeding  on 
another  Amosba  would  imply  that  the  first  Amteba  ceased  thereby  to 
be  a  unicellular  organism. 

The  constitution  of  the  ovum  may  be  considered  under  three 
heads: — 

(1)  The  body  of  the  ovum. 

(2)  The  nucleus  or  geTminal  vesicle. 

(3)  The  investing  membranes. 

The  body  of  tbe  OVrua.  The  essential  constituent  of  the  body  of 
the  ovum  is  an  active  living  protoplasm.  As  a  rule  there  are  present 
certtun  extraneous  matters  in  addition,  which  have  not  the  vital 
properties  of  protoplasm.  The  most  important  of  these  is  known  as 
food-yolk,  which  appears  to  be  generally  composed  of  an  albuminoid 
matter. 

The  body  of  the  ovum  is  at  first  very  small  compared  with  the 
germinal  vesicle,  but  continually  increases  as  the  ovum  approaches 
towards  maturity.  Itisatfirst  comparatively  free  fromfood-yolk;  but, 
except  in  the  rare  instances  where  it  is  almost  absent,  food-yolk  becomes 
deposited  in  the  form  of  granules,  or  highly  refracting  spheres,  by  the 
inherent  activity  of  the  protoplasm  during  the  later  stages  in  the 
ripening  of  the  ovum.  In  many  instances  the  protoplasm  of  the  ovum 
assumes  a  sponge-like  or  reticulate  arrangement,  a  fluid  yolk  substance 
being  placed  in  the  meshes  of  the  reticulum.  The  character  of  the 
fbod-yolk  varies  greatly.  Many  of  its  chief  modifications  are  described 
below.  There  is  not  unfrequently  present  in  the  vitellus  a  peculiar 
body  koown  as  the  yolk  nucleus,  which  is  very  possibly  connected 
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with  the  formation  of  the  food-yolk.    It  is  found  in  many  Arachnids, 
Myriapoda,  Amphibia,  etc' 

More  important  for  the  Bubseqiient  development  than  the  variation 
in  the  character  of  the  food-yolk  is  its  amount  and  distribution.  In  a 
large  number  of  forms  it  is  distributed  unsymmetrically,  the  yolk  being 
especially  concentrated  at  one  pule  of  the  ovum,  the  germinal  vesicle, 
surrounded  by  a  special  layer  of  protoplasm  compai-atively  froc  from 
foud-yolk,  l>eiDg  placed  at  the  opposite  pole.  In  tlie  Arthropoda  it 
has  in  most  instances  a  symmetrical  distribution.  Further  details 
on  this  subject  are  given  iu  connection  with  the  segmentation;  tltu 
character  of  which  is  greatly  iniluenced  by  the  distribution  of  food- 
yotk. 

Tlie  body  of  the  ovum  is  usually  spherical,  hut  during  a  period 
in  Ita  development  it  uot  unfieuuently  eihibits  a  very  irregular 
amceboid  form,  e.g.  Hydra  (fig.  4),  Ualisarca. 

The  geiminal  vesicle.  The  germinal 
vesicle  exhibits  all  the  essential  charac- 
ters of  a  nucleus.  It  has  a  more  or  less 
spherical  shape,  and  is  enveloped  by  a  .''' 
distinct  membranewhich  seem8,nowever,  /r; 
in  the  living  state  to  bo  very  often  of  a  kj  \ 
viscous  semt'Huid  nature  and  only  to  f|  J 
be  hardened  into  a  membrane  by  the 
action  of  reagents  (Fol).  The  contents  of 
the  germinal  vesicle  are  fur  the  most 
part  fluid,  but  may  be  more  or  less 
granular.  Their  most  characteristic 
components  are,  however,  a  protoplasmic 
network  and  the  genninal  spots  .  The 
protoplasmic  network  stretciies  from  the 
genniualxputstotheinvestingmcmbrane, 
but  is  especially  concentrated  round  the  former.  (Fig.  5.)  The 
germinal  spi)t  forms  a  nearly  homi^ncuus  body,  with  frcfpieiitly  one 
or  more  vacuoles.  It  often  occupies  an  eccentric  position  within  the 
genninal  vusicle,  and  is  usually  rendered  very  conspicuous  hy  its 
high  rcfraugibility.  In  many  instances  it  has  been  shewn  to  be 
capable  of  amotboid  movements  (Hertwig,  Eimer),  and  is  moreover 
more  B<)lid  and  more  strongly  tinged  hy  culuuring  reagents  than  the 
rematniug  constituents  of  the  germinal  vesicle. 

In  many  instances  there  is  only  one  germinal  spot,  or  else  one  main 
spot  and  two  or  three  accessory  smaller  spots.  In  other  cases,  e.g. 
Osseous  Fishes,  Echinaster  fallax,  Eucope  polystyla,  there  are  a 
large  number  of  nearly  equal  germinal  spots  which  appear  to 
result  from  the  division  or  endogenous  proliferation  of  the  original 

I  For  drttilii  on  the  yolk  imrlena  rldr  ItKlliJani,  Lr^nt  i.  I.  Qfrtfration  d.  VrrUbrd. 
Poriii,  lH7t).  In  tliix  wuik  the  author  uikititaius  serj  p^culuir  views  eu  tbe  iialiiiL'  uiil 
fUDCIiuu  of  the  )'olk  miDteiiK,  whicli  <lo  Dot  apptsar  to  mu  well  founded. 

>  In  llw  genuitial  Teniclen  of  very  jouiig  <iva  tlie  reti-ulam  in  ofttu  aUent. 
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apot.  Sometimes  the  germinal  spots  are  placed  immediately  within  the 
membrane  of  the  germinal  vesicle  (EUaamobranchii  and  Sagitta).  In 
many  Lamellibranchiata,  in  the  earth-worm,  and  in  many  Chietopoda 
the  components  of  the  germinal  apot  become  separated  into  two 
nearly  spherical  mosses  (fig.  12),  which  remain  in  contiguity  along 
a  snmll  part  of  their  circumference,  and  are  finnly  united  together. 
The  smaller  of  the  two  parts  is  more  highly  refractive  than  the  larger. 
Hertwig  has  shewn  that  the  germinal  spot  is  often  composed  of  two 
constituents  as  in  the  above  cases,  but  that  the  more  highly 
refractive  material  is  generally  completely  enclosed  by  the  less  dense 
flubstance.  By  Fol  the  germinal  spot  is  stated  to  be  abaent  in  a 
species  of  Sagitta,  but  this  must  be  regarded  as  doubtful.  In  young 
ova  the  relative  size  of  the  germinal  vesicle  is  very  considerable.  It 
occupies  in  the  first  instance  a  central  position  in  the  ovum,  but 
at  maturity  is  almost  always  found  in  close  proximity  to  the  surface. 
Ita  change  of  position  in  a  large  number  of  instances  is  accomplished 
during  the  growth  of  the  ovum  in  the  ovary,  but  in  other  caaes  does 
Dot  t^e  place  till  the  ovum  has  been  laid. 

As  the  ovum  attains  maturity,  important  changes  take  place  in 
the  constitution  of  the  germinal  vesicle,  which  are  described  in  the 
next  chapter. 

Tbs  O^fg-ntombrauefl.  A  cert^n  number  of  ova  when  ready  to 
be  fertilized  are  naked  cells  devoid  of  any  form  of  protecting 
covering,  but  as  a  rule  the  ovum  is  invested  by  some  form  of 
membrane.  Such  coverings  present  great  variety  in  their  character 
and  origin,  and  may  be  conveniently  (Ludwig.  No.  4)  divided  into 
two  great  groups,  viz.  (1)  those  derived  from  the  protoplasm  of  the 
ovum  itself  or  from  its  follicle,  which  may  be  called  primary  egg- 
membranes;  and  (2)  those  formed  by  the  wall  of  the  oviduct  or 
otherwise,  such  as  the  egg-shell  of  a  bird, 
which  may  be  called  secondary  egg- 
membranes. 

The  primary  egg-membranes  may 
again  be  divided  into  two  groups  (Ed. 
van  Beneden,  No,  i),  viz.,  (1)  those 
formed  by  the  protoplasm  of  the  ovum, 
to  which  the  name  vitelline  mem- 
branes will  be  applied ;  and  (2)  those 
fonaed  by  the  cells  of  tlie  follicle,  to  which 
the  name  chorion  will  be  applied. 

The  secondary  egg-membranes  will  be 
dealt  with  in  connection  with  the  system- 
atic account  of  the  development  of  the 
various  groups.  They  coexist  as  a  rule 
with  primaiy  membranes,  though  in  some 
types  (Cephalophorous  Mollusca,  many 
Platyelminthes,  etc.),  they  constitute  the 
the  ovum. 


nly  protecting  coverings  of 


20  GENERAL  HISTORY. 

The  TitelliDe  membranes  are  either  simple  structureless  membranes 
or  present  numerous  radial  porea,  Uerabranes  with  the  latter  struc- 
ture are  very  widely  distributed,  EchiDodermata,  Gephjrea,  Vertebrata, 
etc.  ( Vide  figs.  £  and  7.)  The  function  of  the  pores  appears  to  be  a 
nutritive  one.  They  either  serve  for  the  emission  of  pseudopodia-like 
processes  of  the  protoplasm  of  the  ovum,  as  has  been  very  beautifully 
shewn  in  the  case  of  Toxopneustes  by  Selenka  (fig.  6},  or  they 
admit  (t)  processes  of  the  follicular  epithelial  cells  (Vert«bratu). 
Their  presence  is  in  fact  probably  caused  by  the  existence  of  such 
processes,  which  prevent  the  continuous  deposition  of  the  mem- 
Drane.  The  term  zona  radiata  will  be  applied  to  perforated  mem- 
branes of  this  kind.  Two  vitelline  membranes,  one  perforated  and  the 
other  homogeneous,  may  coexist  at  the  same  time,  e.g.  Sipunculida, 
Vertebrata.    (Fig.  7.J 

The     chorion    is    often    ornamented    with 
various  processes,   etc.     It   is   in   many  cases  /-'.'^  w 

doubtful  whether  a  particular  membrane  is  a 
chorion  or  a  vitelline  membrane. 

All  the  membranes  which  surround  the 
ovum  may  be  provided  with  a  special  aperture 
known  as  the  micropyle.  A  raicropyle  is  by 
no  means  found  in  the  majoiity  of  types,  and 
there  is  no  homology  between  the  various 
apertures  so  named.  Micropyles  have  two 
functions,  either  (1)  to  assist  in  the  nutrition 
of  the  ovum  during  its  development,  or  (2)  to 
permit  the  entrance  of  the  spermatozoa.  The  nxiLs 
two  functions  may  in  some  cases  coexist,  c^'cil^ 
Uicropyles  of  the  first  class  are  developed  at  thslinm.  "e  i°"vitelimB 
the  point  of  attachment  of  the  ovum  to  the  M«mbr»D«.  z».  Zou* 
wall  of  the  ovary  or  to  its  follicle.  Good  ex-  *^|^i;J[i*a^ti)!.r'k"' 
amples  of  this  kind  of  micropyle  are  afforded 
by  the  Lamellibranchiata  (fig.  12),  Holothuria,  and  many  Annelida 
(Polynoe,  etc).  The  micropyle  of  the  Lamellibranchiata  (p.  30) 
probably  serves  also  to  admit  the  spermatozoa.  The  second  type  of 
micropyle  is  found  in  many  Insecta,  Teleostei,  etc. 
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C<ELENTERATA. 

"De  la  distmction  origiDelle  d.  teaticnte  et  de  Totmi*." 
irie.  Vol.  iiivii.  1874. 
_      Der  Orsanitmut  d.  Mediatn.    Jean,  1678. 
Hydra.    Leipzig,  1873. 

Amongst  the  Coslenterata  the  ova  are  developed  in  imperfectly 
specialized  orgaaa,  which  are  situated  ia  various  parts  of  the  tody,  for 
the  most  part  in  the  space  between  the  epiblast  and  the  hypoblaist. 

In  Hydra  the  locality  where  the  ova  are  developed  only  becomes 
specialized  at  the  time  when  an  ovum  is  about  to  be  formed.  At 
oae  or  more  points  the  interstitial  cells  of  the  epiblast  increase 
in  number  and  form  a  protuberance  of  germinal  cells,  which  may  be 
called  the  ovary.  In  this  ovary  a  single  ovum  is  formed  by  the  special 
growth  of  one  cell.  (Kleinenbei^,  No.  9).  In  the  free  and  attached 
goDophores  of  Hydrozoa,  the  ova  appear  either  around  the  walls  of 
the  stomach,  or  the  radial  canals,  or  around  other  parts  of  the 
gastro-vascular  canals. 

Their  close  relations  to  the  gastro-vascular  canals  are  probably 
determined  by  the  greater  nutritive  facilities  thereby  a£fordea 
(Hertwig,  No.  8.) 

In  the  permanent  Medusa-forms  the 
ova  have  similar  relations  to  the  gastro- 
vascular  system.  Amongst  the  Actinozoa 
the  ova  are  usually  developed  between 
the  epiblast  and  the  hypoblast  in  the 
walla  of  the  gastric  mesenteries. 
Amongst  the  Ctenophora  the  ova  are 
situated  in  close  relation  with  the  peri- 
pheral canals  of  the  gastro-vascular 
system,  which  run  along  the  bases  of  the 
ciliated  bands.  There  are  many  ex- 
amples amongst  the  Coelenterata  of  ova 
which  retain  in  their  mature  state  the 
very  simple  constitution  which  has  been 
described  as  characteristic  of  all  young 
ova;  and  which  are,  when  laid,  abso- 
lutely without  any  trace  of  a  vitelline 
membrane  or  chorion.  In  many  other 
cases  both  amongst  the  Medusa-,  the  Si- 
phonophora,  and  the  Ctenophora,  the  ripe  ... 

egg  exhibits  a  distinction  into  two  parts.  ^re,^~t»eof  ap"topl«»mio 
The   outer  part  is  composed  of  a  dense 

protoplasm,  while  the  interior  is  composed  of  a  network  or  more 
properly  a  spongework  of  protoplasm  enclosing  in  its  meshes  a  more 
fluid  substance.     (Fig.  8.) 


Copied    trotn    HetBchoikoff, 

"Gntwicklnng  der  Siphono- 
phoren."  Zeitiehrift  /.  ir in. 
Zool.,  Vol.  iiiv,  1874. 

p.d.  Peripheral  lajer  of  den- 
Rer    protoplasm,    p.m.   Central 
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In  some  cases  the  ovum  while  still  retaining  the  constitution  la^t 
described  becomes  invented  by  a  very  delicate  membrane.  Such  in  the 
constitution  of  the  ri|)e  ovum  of  Hip|K)podius  gleba  amongst  the  Siphono- 
phora'  and  of  the  eggs  of  Geryonia  amongst  the  permanent  Medusae*. 
The  ripe  eggs  of  the  Ctenophora  usually  present  a  similar  structure'. 
After  being  laid  they  are  found  to  be  invested  by  a  delicate  membrane 
8e])arated  by  a  space  filletl  with  fluid  from  the  body  of  the  ovum.  The 
latter  is  composed  of  two  layers,  an  outer  one  of  finely  granular  pi-otoplasm 
and  an  inner  layer  consisting  of  a  protoplasmic  spongework  containing  in 
its  meshes  irregular  spheres.  These  latter  are  stated  by  Agassiz  to  be  of  a 
fatty  nature,  and  it  is  probable  that  in  most  cases  where  a  protoplasmic  net- 
work is  present,  this  alone  constitutes  the  active  protoplasm ;  and  that  tlie 
substance  which  fills  up  its  meshes  is  to  be  looked  on  as  a  form  of  food-yolk 
or  deutoplasm,  though  it  appears  sometimes  to  have  the  power  of  assimila- 
ting the  firmer  yolk  particles. 

The  membrane  which  invests  the  ovum  of  many  of  tlie  Coelenterata 
is  probably  a  vitelline  membrane. 

The  ova  of  the  Hydrozoa  take  their  origin,  in  most  groups  at 
any  rate*,  from  the  deeper  layer  of  the  epiblast  (interstitial  layer  of 
Kleinenberg).  The  interstitial  cells  in  the  ovarian  region  form 
primary  germinal  cells,  and  by  an  excess  of  nutrition  certain  of  them 
outstrip  their  fellows  and  become  young  ova.  Such  ova  differ  from 
tho  full-grown  ova  already  described,  mainly  in  the  fact  that  they 
have  a  proportionately  smaller  amount  of  protoplasm  round  the 
germinal  vesicle.  They  grow  to  a  considerable  extent  at  the  expense 
of  germinal  cells  which  do  not  become  converted  into  ova. 

The  ova  of  many  Coelenterata  undergo  changes  of  a  more  com- 
plicated kind  before  attaining  their  full  development.  Of  these  ova 
that  of  Hydra  may  be  taken  as  the  type.  The  ovary  of  Hydra 
(Kleinenberg,  No.  9)  is  constituted  of  angular  flattish  germinal  cells  of 
which  no  single  one  can  be  at  first  distinguished  from  the  remainder. 
As  growth  proceeils  one  of  the  cells  occupying  a  central  position  be- 
comes distinguished  from  the  remaining  cells  by  its  greater  size,  and 
wedge-like  shape.  It  constitutes  the  single  ovum  of  the  ovary.  After  it 
has  l)ecomo  prominent  it  grows  rapidly  in  size,  and  throws  out  irregular 
procetwes.  1  he  germinal  vesicle,  which  for  a  considerable  time  remains 
unaltered,  also  at  length  begins  to  grow ;  and  the  sharply  defined 
germinal  s|K>t  which  it  contains  after  reaching  a  certain  size  com- 
pletely vanishes.  After  the  atrophy  of  the  germinal  spot,  there  appears 
in  the  middle  of  the  ovum  a  number  of  roundish  yolk  granules. 

*  MetHchnikoir.     ZeiUchrift  f,  tru$,  Zoologie^  Vol.  xxvr.  1874. 

*  Herman  Fol.    JrnttUche  Zeitnchrift^  VoJ.  vii. 

'  K 0 w a  1  e V Bky.  •  •  Kutwicklungflf^Hchichte  d.  Rippenquallen."  Mfmoirr  de  VAcad. 
Veur»lnturih  lWil>.  And  Alex.  ApaBHiz.  "Embryology  of  the  CtcnophoriB."  Amer, 
Actid.  of  Scinicf  mid  Art*^  Vol.  x.  No.  111. 

*  Tlio  view  of  van  Honcdcn,  according  to  which  the  ova  have  an  cndodcrmal  (hypo- 
lila'^tic)  origin,  liaH  l>ocn  Hhcwn  to  be  at  any  rate  contine<l  to  certain  groupH.  The  whole 
ipicHtion  of  the  origin  of  the  generative  productH  from  the  germinal  layeni  in  the  Cudeute- 
rata  Ik  still  invcdvcd  in  great  ohMrurity. 
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The  shape  of  the  ovum  becomes  more  irregular,  and  chlorophyll 
granules,  in  addition  to  the  yolk  granules,  make  their  appearance  in  it. 
A  fresh  germinal  spot  of  circular  form  also  arises  in  the  germinal 
vesicle.  Protoplasmic  processes  are  next  thrown  out  in  all  directions, 
giving  to  the  ovum  a  marvellous  amoeboid  character.  (Fig.  4.)  The 
amoeboid  form  of  the  ovum  serves  no  doubt  to  give  it  a  larger  surface 
for  nutrition.  Coincidently  with  the  assumption  of  an  amoeboid  form 
there  appear  in  the  ovum  a  great  number  of  peculiar  bodies.  They  are 
vesicles  with  a  thick  wall  bearing  a  conical  projection  into  the  interior 
which  is  filled  with  fluid.  (Fig.  4  B.)  These  bodies  are  formed  directly 
from  the  protoplasm  of  the  ovum,  and  are  to  be  compared  both  morpho- 
logically and  physiologically  with  the  yolk-spherules  of  such  an  ovum 
as  that  of  the  Bird.  They  are  called  pseudocells  by  Kleinehberg, 
and  are  found  with  slightly  varying  characters  in  many  ova  of  the 
Hydrozoa. 

They  first  appear  as  small  highly  refracting  granules ;  in  these  a  cavity 
is  formed  which  is  at  first  central  but  is  eventually  punbed  to  one  side  by  the 
formation  of  a  conical  projection  from  the  wall  of  the  vesicle. 

After  the  growth  of  the  ovum  is  completed  the  amoeboid  processes 
gradually  withdraw  themselves,  and  the  ovum  assumes  a  spherical 
form ;  still  however  continuing  to  be  invested  by  the  remaining  cells 
of  the  ovary.  It  is  important  to  notice  that  the  egg  of  iiydra  retains 
throughout  its  whole  development  the  characters  of  a  single  cell,  and 
that  the  pseudocells  and  other  structures  which  make  their  appearance 
in  it  are  not  derived  from  without,  and  supply  not  the  slightest 
ground  for  regarding  the  ovum  as  a  structure  compounded  ot  more  than 
one  cell. 

The  development  of  the  ova  of  the  TubularidsB,  which  has  been 
supposed  by  many  investigators  to  present  very  special  peculiarities, 
takes  place  on  essentially  the  same  type  as  that  of  Hydra,  but 
the  germinal  vesicle  remains  permanently  very  small  and  difficult  to 
observe.  The  mode  of  nutrition  of  the  ovum  may  be  very  instructively 
studied  in  this  type.  The  process  is  one  of  actual  feeding,  much  as 
an  Amoeba  might  feed  on  other  organisms.  Adjoining  one  of  the  large 
ova  of  the  ovary  there  may  be  seen  a  number  of  small  germinal  cells. 
(Fig.  3).  The  boundary  between  these  cells  and  the  ovum  is  indistinct. 
Just  beyond  the  edge  of  the  ovum  the  small  cells  have  begun  to 
undergo  retrogressive  changes;  while  at  a  little  distance  from  the 
ovum  they  are  quite  normal  (^.c) '. 

^  The  aboye  description  of  the  ova  of  the  TubnlaridaB  is  founded  on  sections  of 
tbe  gonophores  of  Tabularia  mesembryanthemum.  Dr  Kleinenberg  informs  me  howeTer 
that  the  absence  of  a  distinct  boundary  between  the  germinal  cells  and  the  ovum  is  not 
Ubual. 
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This  group,  under  which  I  include  the  Trematodes,  Cestodes, 
Turbellarians  and  Nemertines,  has  played  an  important  part  in  all 
controvernies  relating  to  the  nature  and  composition  of  the  ovum.  The 
peculiarity  in  the  development  of  the  ovum  in  most  members  of  this 
group  consists  in  the  fact  that  two  organs  assist  in  forming  what  is 
usually  spoken  of  as  the  ovum.  One  of  these  is  known  as  the  ovary 
proper,  and  the  other  as  the  vitellarium  or  yolk-gland.  In  the  sequel 
the  term  ovum  will  be  restricted  to  the  product  of  the  first  of  these 
organs.  In  Trematodes  the  ovary  forms  an  unpaired  organ  directly 
continuous  with  an  oviduct  into  which  there  open  the  ducts  from 
paired  yolk-glands. 

The  ovary  has  a  sack-like  form  and  contains  in  some  instances  a 
central  lumen  (Polystomum  integerrimum).  At  the  blind  end  of  the 
organ  is  placed  the  germinal  tissue.  This  part  is,  according  to  the 
accounts  of  the  majority  of  investigators,  formed  of  a  polynuclear  mass 
of  protoplasm  not  divided  into  distinct  cells.  Whether  it  is  really 
formed  of  undivided  protoplasm  or  not,  it  is  quite  certain  that  a  little 
lower  down  in  the  organ  distinct  cells  are  found,  which  have  been 
segmented  off  from  the  above  mass,  and  are  formed  of  a  large  nucleus 
and  nucleolus,  surrounded  by  a  delicate  layer  of  protoplasm.  These 
cells  are  the  young  ova.  They  usually  assume  a  more  or  less  angular 
form  from  mutual  pressure,  and,  in  the  cases  where  the  ovary  has  a 
lumen,  constitute  a  kind  of  epithelial  lining  for  the  ovarian  tube.  They 
become  successively  larger  in  passing  down  the  ovary,  and,  though 
in  most  cases  naked,  are  in  some  instances  (Polystomum  integerrimum) 
invested  by  a  delicate  vitelline  membrane.  Eventually  the  ova  pass 
into  the  oviduct  and  become  free;  and  at  the  same  time  assume  a 
spherical  form. 

In  the  oviduct  the  ovum  receives  somewhat  remarkable  investing 
structures,  derived  from  the  organ  before  spoken  of  as  the  yolk-gland. 
The  yolk-gland  consists  of  a  number  of  small  vesicles,  each  provided 
with  a  special  duct,  connected  with  the  main  duct  of  the  gland.  Each 
vesicle  is  lined  by  an  epithelium  of  cells  provided  with  doubly  con- 
toured membranes,  and  containing  nuclei. 

As  the  yolk -cells  grow  older  refracting  spherules  become 
deposited  in  their  protoplasm,  which  either  completely  hide  the 
nucleus,  or  render  it  very  difficult  to  see.  In  the  majority  of  cases  the 
entire  cells  forming  the  lining  of  the  vesicles  constitute  the  secretion 
of  the  yolk-gland.     They  invest  the  ovum,  and  around  them  is  formed 
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a  shell  or  membniDe.  In  some  casfts  (e.g.  Polystomum  integerrimuin) 
the  yolk-cells  retain  their  cellular  character  and  vitality  till  the 
embryo  is  far  developed.  In  other  cases  they  lose  their  membrane 
and  nucleus  shortly  after  the  formation  of  the  egg-shell,  and  break  up 
into  a  fluid,  holding  in  suspension  a  number  of  yolk -granules.  A 
partial  disorganisation  of  the  yolk-cells  can  also  take  place  hefore  they 
surround  the  ovum ;  while  in  some  species  of  Distomum  they  com- 
pletely break  up  before  leaving  the  yolk-gland. 

There  is  thus  a  complete  series  of  gradations  between  the  invest- 
ment of  the  ovum  by  a  number  of  distinct  cells,  and  its  investment 
by  a  layer  of  fluid  containing  yolk-spheruiea  in  suspension.  In  neither 
the  one  case  nor  the  other  do  the  investing  structures  take  any  share 
in  the  direct  formation  of  the  embryo  from  the  ovum.  Physiologically 
speaking  they  play  the  same  part  as  the  while  in  the  fowl's  egg. 

The  egg-sliell,  which  is  usually  formed  by  a  secretion  of  a  special  shell- 
gland  opening  into  the  oviduct,  exhibits  one  or  two  peculiarities  In  the 
different  species  of  Trematodes.  In  AmphiBtomum  Hubclavatum  it  presents 
at  one  extremity  a  thickened  area,  which  is  pierced  \>j  a  narrow  micropyle. 
In  other  oases  one  extremity  of  the  egg-shell  is  produced  into  a  long  process, 
and  sometimes  even  both  extremities  are  armed  in  this  way.  Opercnla  and 
other  types  of  armature  are  also  found  in  different  forma 

The  mode  of  development  of  the  ovum  in 
Cestodes  is  very  nearlj  the  same  as  in  Trematodes. 

The  ovum  become!)  enveloped  in  the  usual 
secretion  of  the  j'olkgland  ;  and  an  egg-shell  is 
always  formed  by  the  secretion  of  a  special  sheU- 
gland. 

Amongst  the  Turbellariansand  Nemertines, 
there  are  greater  variations  in  the  arrangement 
of  the  female  generative  glnnds,  tiiau  in  the 
preceding  types.  In  most  of  the  Bhabdocosla 
and  fresh-water  Dendroccela  these  organs  re- 
semble in  their  fundamental  characters  those 
of  the  Trematodes  and  Cestodes.  There  are 
present  a  paired  or  single  ovary  and  a  paired 
yolk-gland.  The  general  arrangement  of  the 
organs  is  shewn  in  fig.  9. 

The  blind  end  of  the  ovaries  is  usually 
{Ed.  van  Beneden,  etc.)  stated  to  be  formed 
of  a  poiynuclear  protoplasmic  basis,  but  Hallez 
(No.  lo)  has  recently  insisted  that,  even  at 
the  extreme  end  of  the  ovary,  the  germinal 
cells  are  quite  distinct,  and  not  confounded 
together. 

With  one  or  two  exceptions  the  yolk- 
cells  secreted  by  the  vitellarium  ret^n  their 
vitality  till  they  are  swallowed  by  the  embryo, 
after  the  development  of  its  mouth.     The  few 


Fia.    9-     Gehbkititb 

(From    G^Renbaur,    after 
Mbi  Schultze.) 

i.  Testis.  v.d.  VftBB 
deterentis.  r.(.  Seminal 
vesicle,  p.  Penia.  u.  Ute- 
rus. 0.  Ovarj.  P.  Vagina. 
g.v.  Yolk-glaDds.  r.<.  Re- 
e«ptaflnlDm  semiDii. 


26  PLATYELMINTHES. 

not  80  swallowed  become  disintegrated.  They  are  granular  nucleated 
cells,  and,  as  was  first  shewn  by  von  Siebold,  are  remarkable  for 
exhibiting  spontaneous  amoeboid  movements. 

Very  important  light  on  the  nature  of  the  vitellarium  is  afforded 
by  the  structure  of  the  generative  organs  in  Prorhyncus  and  Macro- 
stomum. 

In  Prorhyncus  there  is  no  separate  vitellarium,  but  the  lower  part 
of  the  ovarian  tube  functionally  and  morphologically  replaces  it.  The 
ovum  becomes  surrounded  by  yolk-cells,  which  accoraing  to  Hallez 
(No.  lo)  retain  their  vitality  for  a  long  time.  According  to  Ed. 
van  Beneden  yolk-spherules  are  formed  in  the  protoplasm  of  the 
ovum  itself,  in  addition  to  and  independently  of  the  surrounding 
yolk-cells.  In  Convoluta  paradoxa  a  special  vitellarium  is  stated  to 
be  absent ;  though  a  deposit  of  yolk  is  formed  round  the  ovum 
(Claparede). 

In  Macrostomum  again  the  yolk-glands  are  at  most  represented 
by  a  lower  specialised  part  of  the  ovarian  tube.  The  ova  in  passing 
down  become  filled  with  yolk-spherules.  According  to  Ed.  van 
Beneden  these  spherules  are  formed  in  the  protoplasm  of  the  ovum 
itself;  but  this  is  explicitly  denied  by  Hallez,  who  finds  that  they  are 
formed  from  the  lining  cells  of  the  ovarian  tube,  which,  instead 
of  retaining  their  vitality  as  in  Prorhyncus,  break  up  and  form  a 
granular  mass  which  is  al)sorbed  by  the  protoplasm  of  the  o^Tim. 

In  Prostomum  caledonicum  (Ed.  van  Beneden)  the  generative 
organs  are  formed  on  the  same  plan  as  in  other  Rhabdocoela,  but 
tlie  cells  which  form  the  yolk-gland  give  rise  to  yolk  particles 
which  enter  the  ovum,  instead  of  to  a  layer  of  yolk-cells  surrounding 
the  ovum. 

Amongnt  the  marine  dendrocoRlous  Tuvbellarians  the  ova  are  formed  in 
separato  packs  widely  distributed  in  the  {)arenchyma  of  the  body  between 
the  alimentary  diverticula.  In  the^e  the  ova  undergo  their  complete  develop- 
ment, without  the  inter>'ention  of  yolk-glands. 

The  ovaries  of  the  Nemertines  more  nearly  resemble  those  of  the 
marine  Dendroccela  than  those  of  the  Khabdocoela.  They  consist  of  a  series 
of  sacks  situated  on  the  two  sides  of  the  bc»dy  l)etween  the  prolongations 
of  the  digestive  canal.  The  eggs  are  develo]>ed  in  these  sacks  in  a  ])erfectly 
uormal  manner,  and  in  many  cases  become  tilled  with  yolk-spherules  which 
arise  as  differentiations  of  the  protoplasm  of  the  ovum.  The  protecting 
membranes  of  the  ova  have  not  been  accurately  studied.  In  some  cases 
two  membranes  are  present,  an  internal  and  an  external.  The  former, 
immediately  investing  the  vitellus,  is  very  delicate :  the  external  one  is 
thicker  and  hyaline. 

The  constitution  of  the  female  generative  organs  of  the  Trematodcs 
was  first  clearly  ascertained  by  von  JSiebold  (No.  12).     He  originally, 

*  Amphiponih  lactiflorins  and  Nemertes  gracilis.    M*^lDto8h.    Monograph  on  Briti$h 
Semertiuft,     Ray  Society. 
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though  not  very  confidelitly,  propounded  the  view  that  the  germinal 
vesicles  alone  were  formed  in  the  ovary  and  that  the  protoplasm  of 
the  ovum  was  supplied  by  the  yolk-gland.  This  view  has  long  been 
abandoned,  and  von  Siebold  (No.  13)  himself  was  the  first  to  recognize 
that  true  ova  with  a  protoplasmic  body  containing  a  germinal  vesicle 
and  germinal  spot  were  formed  in  the  ovary.  The  Trematodes  have 
however  not  ceased  to  play  an  important  part  in  forming  the  current 
views  upon  the  development  of  ova,  and  have  quite  recently  served 
Ed.  van  Beneden  as  his  type  in  exposing  his  general  view  upon  this 
subject. 

His  view  consists  fundamentally  in  regarding  the  secretion  of  the 
yolk-glands,  which  in  most  cases  merely  invests  the  ovum,  as  homologous 
with  the  yolk-spherules  which  fill  the  pi*otoplaf(m  of  many  eggs ;  and  he 
considers  the  part  of  the  ovary  where  in  most  forms  the  ova  receive  their 
supply  of  yolk  particles,  as  equivalent  to  the  vitellarium  of  the  Platy- 
elrainthes.  He  further  appears  to  regard  the  primitive  state  as  that 
exemplifieil  in  Trematodes,  Cestodes,  etc.,  and  holds  that  the  ovarian 
types  characteristic  of  other  forms  are  secondarily  derived  from  this,  by 
the  coalescence  of  the  primitively  distinct  vitellarium  with  the  ovary 
proper. 

This  appears  to  me  a  case  of  putting  the  cart  before  the  horse.  To  my 
mind  the  vitellarium  is  to  be  regarded,  as  has  already  been  suggested  by 
Gegenbaur,  Hallez,  etc.  as  a  special  differentiation  of  the  primitively  simple 
ovarian  tube,  and  the  instances  of  Macrostomum  and  Prorhyncus  just  cited 
appear  to  me  to  indicate  some  of  the  steps  in  this  differentiation.  Ju 
Macrostomum  the  cells  of  the  lower  part  of  the  oviduct  simply  supply  a 
kind  of  nutriment  to  the  ovum  in  the  form  of  granular  yolk  particles, 
while  in  Prorhyncus  the  yolk-cells  of  the  lower  part  of  the  ovarian 
tube  form  a  complete  investment  of  independent  cells  for  the  ovum.  If 
this  lower  part  of  the  ovarian  tube  were  to  grow  out  as  a  special 
diverticulum  we  should  have  produced  a  normal  vitellarium.  But  even 
with  the  above  modification  the  theory  of  van  Beneden  appears  to  me  not 
completely  satisfactory.  The  view  timt  the  yolk-spherules  are  of  the  same 
nature  as  the  yolk-celis  is  mainly  supported  by  the  case  of  Prostomum 
cfJedonicum,  where  the  vitellarium  produces  the  yolk  particles  which  fill 
the  ovum.  The  cases  of  Prorhyncus  and  Macrostomum  give  a  different 
complexion  to  that  of  Prostomum  caledonicum.  From  the  first  of  these 
e8|)ecially  it  appears  that,  even  when  normal  yolk-cells  surround  the  ovum, 
yolk  particles  can  be  deposited  independently  in  the  protoplasm  of  the 
ovum. 

The  most  probable  view  of  the  nature  of  the  vitellarium  is  that 
of  Gegenbaur,  Hallez,  etc.,  according  to  which  it  is  to  be  regarded  as  a 
specially  modified  part  of  the  ovarian  tube.  On  this  view  the  nature 
and  function  of  the  yolk-cells  admit  of  a  fairly  simple  explanation. 
They  are  to  be  regarded  as  primary  germinal  cells  like  those  in  the 
ovaries  of  Hydra,  Tubularia,  etc.,  which  do  not  become  converted  into 
ova.  Like  these  cells  they  may  in  some  instances,  Macrostomum, 
Prostomum,  etc.,  serve  directly  in  the    nutrition  of  the   ovum.     In 
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other  cases  they  retain  their  independence  and  serve  for  the  late 
nutrition  of  the  embryo.  In  both  instances  they  retain  the  faculty, 
normally  possessed  by  ova,  of  forming  yolk  particles  in  their  proto- 
plasm. 
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The  eggs  of  the  Echinodermata  present  in  their  development 
certain  points  of  interest. 

The  ovaries  themselves  are  usually  surrounded  by  a  special  vascular 
dilatation.  In  the  Asteroidea,  the  Echinoidea,  and  the  Holothnroidea 
the  organs  have  the  form  of  sacks ;  specially  surrounded  in  the  two 
former  groups,  and  probably  the  latter,  by  a  vascular  sinus  formed  as  a 
dilatation  of  one  of  the  generative  vessels.  In  the  Crinoids  they  have 
the  form  of  a  hollow  rachis  completely  surrounded  by  a  blood-vessel. 
(Fig.  11,6).  The  proximity  of  the  ovaries  (generative  organs)  to  the 
vascular  system  in  these  forms  has  clearly  the  same  physiological 
significance  as  the  proximity  of  the  ovaries  (generative  organs)  to 
the  radial  vessels  in  the  CcBlentorata. 

In  the  Asteroidea,  the  £chinoidea  and  the  Holothuroidea  the 
ovaries  have  the  form  of  sacks  lined  by  an  epithelium  of  germinal  cells, 
and  the  ova  are  formed  by  the  enlargement  of  these  cells,  which,  when 
they  have  reached  a  certain  size,  become  detached  from  the  walls,  and 
fall  into  the  cavity  of  the  ovarian  sack.  In  Toxopneustes  (Selenka) 
and  very  probably  in  other  forms  only  a  few  of  the  epithelial  cells  under- 
go conversion  into  ova:  the  remainder  undergo  repeated  division, 
and,  as  in  so  many  other  cases,  are  eventually  employed  in  the 
nutrition  of  the  true  ova.  In  the  nearly  ripe  ova  of  Asterias  Fol 
has  described  a  flattened  follicular  epithelium  the  origin  of  which  is 
unknown. 

In  Holothuria  (Semper)  a  further  diflTerentiation  of  the  germinal 
cells,  not  destined  to  become  ova,  takes  place.  They  surround  the  en- 
larged cell  which  forms  the  true  ovum,  for  which  they  constitute  a  kind 
of  follicular  capsule.  This  capsule  is  attached  by  a  stalk  to  the  walls  of 
the  ovary,  and  the  ovum  lies  freely  in  it  except  for  an  area  nearly 
opposite  its  (the  capsules)  point  of  attachment,  where  the  ovum 
adheres  to  the  wall  of  the  capsule.     Subsequently  the  follicle  cells 
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which  foiTQ  the  capsule  fuse  bother,  and 
form  a  definite  membrane  in  which  only 
the  nuclei  remain  distinct.  Within  the 
membranous  capsule  there  is  formed  for 
the  ovum  an  albuminous  zona  radiata.  At 
the  point  where  the  ovum  is  attached  to 
its  capsule  this  membrane  cannot  be 
developed,  and  therefore  remains  incom- 
plete. The  perforation  so  formed,  becomes 
the  micropyle  of  the  Hotothurian  egg, 
which  was  first  discovered  by  Job.  Miiller. 
The  albuminous  membrane  just  described 
for  Holothurians  is  also  found  in  Asteroids 
(fig.  5)  and  Echinoids.  In  these  groups 
there  is  no  proper  micropyle,  though  in 
Ophiothrix  a  nutritive  passage  perforates 
the  membrane  at  the  attachment  of  the  ' 

ovum  before  the  period  when  the  ovum  becomes  free  fLudwig). 
The  formation  of  the  zona  radiata  has  been  studied  hy  Selenka.  It 
is  secreted  by  the  protoplasm  of  the  ovum,  and 
has  a  gelatinous  consistency,  and  after  it  is 
formed  the  peripheral  layer  of  the  protoplasm 
of  the  ovum  sends  out  through  it  pseudopodia- 
like  processes  to  absorb  nutriment  from  with- 
out. These  processes  are  at  first  large  and 
irregular,  but  soon  become  finer  and  finer  (fig. 
10),  and  acquire  a  regular  radiating  arrange- 
ment. They  are  withdrawn  when  the  ovum 
is  ripe,  but  they  nevertheless  give  rise  to  the 
finely  radiated  appearance  of  the  membrane, 
the  radii  being  in  reality  delicate  pores. 

In  the  Crinoids  the  generative  rachis  con- 
eista  of  a  tube,  the  epithelium  of  which  is 
formed  of  the  primary  germinal  cells.  (Fig. 
11.)  While  some  of  these  cells  enlarge  and  be- 
come ova,  the  remainder  supply  the  elements 
for  a  follicular  epithelium,  which  is  established 
round  the  ova,  exactly  as  in  Holothurians. 

V.  TsdUoIb.  g.  LuneD  of  genital  raohiB.  u.  WBter-TaBciLlar  veMsl.  n.  Nam 
oon.  b.  Blood-vesael  on  Derre  cord  and  round  genital  racliU.  eg.  Genital  OAoal. 
e.  d,  Doraal  eectioa  of  body  cavity,     c  v.  Tentrftl  section  o[  body  cavity. 
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Lamellibranchiata. 

The  ova  of  the  Lamellibranchiata  present  several  points  of 
interest.  l*hey  are  developed  in  pouches  of  the  ovary  which  are 
lined  by  a  flattened  germinal  epithelium,  or  sometimes  (?)  a  syncy- 
tium. Some  of  the  cells  of  this  epithelium  enlarge  and  become 
ova,  but  remain  attached  to  the  walls  of  their  pouches  by  proto- 
plasmic stalks.  Round  the  ovum  there  appears  in  some  forms 
(Anodon,  Unio)  a  delicate  vitelline  membrane,  which  is  incomplete 
at  the  protoplasmic  stalk,  and  is  therefore  perforated  by  an  aperture 
which  forms  the  micropyle.  (Fig.  12.)  As  the  ovum  becomes  ripe 
a  large  space  filled  with  albuminous  fluid  becomes  established 
between  the  ovum  and  its  membrane,  but  the  ovum  remains  attached 
to  the  membrane  at  the  micropyle.  In  Scrobicularia  (von  Jhering 
No.  25)  the  membrane  round  the  ovum  appears  from  the  first  as  an 
albuminous  layer,  the  outermost  stratum  of  which  becomes  subse- 
quently hardened  as  the  vitelline  membrane.  In  this  form  also  the 
protoplasmic  stalk  becomes,  in  pouches  largely  filled  with  ova, 
extremely  long.  The  ova  become  eventually  detached  by  the  stalk 
rupturing,  and  the  portion  of  it  which  remains  attached  to  the  vitel- 
line membrane  falling  off.  The  function  of  the  stalk  and  of  the 
micropyle  during  the  development  of  the  ovum  is  undoubtedly  a 
nutritive  one. 
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In  AnodoD  and  Unio  yolk  granules  simi- 
lar to  those  deposited  in  the  protoplasm  of  the 
ovum  are  also  found  in  the  epitlielial  cells  of 
the  ovarian  pouches  (Flemmiug  22), and  there 
can  be  but  little  doubt  that  they  are  directly 
transported  from  these  cells  into  the  ovum. 
These  cells  would  seem  therefore  to  play  much 
the  same  part  as  the  yolk -glands  of  some  Tur- 
bellarians  (Prostomum  caledonicumj.  In 
Scrobicularia  yolk  granules  are  not  found 
in  the  epithelium  of  the  pouches,  but  are 
contained  in  the  dilated  disc  by  which  the 
ovum  is  attached  to  the  wall  of  its  pouch,  as 
well  as  in  the  ovum  itself.  "«;;    ^^If^'T^L- 

On   the   ovum   becoming  detached   the    mjiI^'Bpot. 
micropyle  still  remains  as  an  aperture,  which 
probably  has  the  function  of  admitting  the  spermatozoa. 

The  ebape  and  form  of  the  micropyle  vary  greatly.  In  Anodon  and 
TTnio  it  iH  a  projeiiting  trumiiet-abuped  Btructure,  which  after  fertilization 
btNXiines  iihortHiied  and  reduced  b>  a  mere  aperture  which  is  finally 
stopped  up.   (Fig.  12.) 

Id  other  formis  it  is  simply  a  perforation  in  the  vit«lline  membrane 
which  vi  sometimes  very  large.  In  a  species  of  Area,  which  I  had  au 
opportunity  of  observing  at  V^paraizo,  it  was  equal  to  nearly  the  circiun- 
ference  of  the  ovum. 

The  eggs  of  the  Lamellibranchiata  are  not  only  remarkable  in 
the  possession  of  a  micropyle,  but  in  certain  peculiarities  of  the  yolk 
and  of  the  germinal  vesicle. 

In  the  fresh-water  mussels  there  is  usually  found  in  young  and 
medium-sized  ova  a  peculiar  lens-shaped  body — -Keber's  corpuscle — 
which  is  placed  immediately  internal  to  the  micropyle.  It  is  pro- 
bably in  some  way  connected  with  the  nutrition  of  the  ovum,  though 
the  fact  that  it  is  not  always  present  shews  that  it  cannot  be  of 
great  importance. 

A  dttfk  body  found  by  von  Jbering  in  the  neighbourhood  of 
the-germinal  vesicle  in  the  ripe  ovum  of  Scrobicularia  is  probably  of 
a  similar  nature  to  Keber's  corpuscle.  Both  bodies  may  be  placed 
in  the  same  category  as  the  so-called  yolk  nucleus  of  the  spider's 
and  frog's  ova. 

In  all  except  the  youngest  ova  of  Anodon  and  Unio  the 
germinal  spot  is  composed  of  two  nearly  complete  spheres  united 
together  for  a  small  part  of  their  circumference.  (Fig.  12,  g.s.)  The 
smaller  of  these  has  a  higher  refractive  index  than  the  larger,  and 
often  contains  a  vacuole :  the  two  parte  ti^ether  appear  to  be  the 
separated  components  (though  not  by  simple  division)  of  the  primi- 
tive nucleolus.  A  nucleolus  of  this  character  is  not  universal 
amongst   Lamellibranchiata,  but   a  similar  separation  of  the  con- 
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Htituents  of  the  germinal  spot  has  been  found  by  Flemming  in 
Tichogonia,  in  which  however  the  more  highly  refracting  body 
envelopes  part  of  the  less  highly  refracliug  body  in  a  cap-like 
fashion. 

6<uteropoda. 

The  ova  of  the  Gasteropoda  are  developed,  like  those  of  the 
Lamelli branch iata,  from  the  epithelial  cells  of  the  ovarian  aciai  or 
pouches.  Id  the  hermaphrodite  forms  both  ova  and  spermatozoa 
are  produced  in  the  same  pouches  [fig.  13),  some  of  the  epithelial  cells 
becoming  ova  and  others 
spermatozoa.    The  ova  are  A 

usually  formed  in  the  wall 
of  the  pouch,  and  the  sper- 
matozoa internally  (Pul- 
monata)  (tig.  13  A),  or  a 
further  differentiation  of 
part3  may  take  place  (fig. 
\ZB).  TheovaofOttstero- 
podsare  exceptional  in  the 
fact  that  a  vitelline  mem- 
brane is  rarely  or  never 
developed  aiuund  them. 
The  ovum  in  its  passage 
to  the  exterior  becumes  en- 
closed in  a  secretion  of  the 
albuminous  gland,  which 
hardens  externally  to  form  [oliide 
a  special  membrane. 

Cfphalopoda. 

lAnkester  (No.  32)  has  brought  out  some  very  interesting  points 

with  reference  to  the  nutrition  of  the  eggs  of  Sepia  during  their 

growth.     The  eggs  develope  in  connective- tissue  pouches  which  early 

gin  riw  to  a  double  pedunculated  capsule  of  connective  tissue.    I'he 

"Vm  of  Um  inner  layer  of  this  capsule  soon  assume   an   epithelial 

MtW,  and  become  a  definite  follicular  epithelium,  while  between 

WO  laven   there  penetrates  a   network  of  vascular  channela 

Cdlkular    epithelium    l>ecomcs    after     the    establishment    of 

THCuUr    Channels   folded    in  a   most    remarkable    manner. 

JbUit    which   are    shewn    in   section   in   fig.   14,   ic.,    project 

waA  nearly  completely  till   up  the   body   of  the   ovum.     An 

lar"  ^  ia  thus  eflV.*ct«i  in  the  nutritive  surface  exposed 

Each  fold  ia  thoroughly  supplied  with  blood- 

tioni   of  the   follicular  epithelium  give   rise  to 

J  on  the  Burfiuv  of  the  o^-um.     During  the  stage 

pithelium  has  the  above  structure,  its  cells  have  a 


Fio.  13.    Follicle!  of  tbi  SEBiuFBaoDm 
ot.i!it>s  OF  OmnoFQDi.    (From  Uvgeubam.) 
A.    01  Helix  borteuui.     The  ot>  {aa)  areds- 
veloptd  on  the  nil  of  the  follicle,  uid  ibe  temiiul 
mu*«  \b)  intenullf. 

Of   Atolidi*.    The   aeminal    portioa    ol    > 
bciet  periphenllf  bf  oruun  mccdUi 
■Herent  dact. 
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character  riiniUr  to  that  of 
the  goblet-cellfi  of  a  mucous 
membrane,  and  pour  out 
their  metamorphosed  proto- 
plasm into  the  body  of  the 

After  the  above  mode 
of  nutrition  has  gone  on 
for  a  certain  time  a  change 
takes  place,  and  the  ridges 
gradusJly  disappear.  This 
is  caused  bj  the  epithelial 
cells  passing  off  from  the 
ridges  into  the  protoplasm 
of  the  ovum;  and  becoming 
assimilated,  after  retaining 
their  individuality  for  a 
'longer  or  shorter  period. 
When  the  absolution  of  the 
ridges  is  completed  the  sur- 
face of  the  ovum  assumes 
a  perfectly  regular  outline. 
The  capsule  of  the  ovum 
then  bursts  at  the  opposite 
pole  to  the  peduncle,  and  the  ovum  falls  into  the  oviduct. 

The  ova  of  the  Cephalopoda,  like  those  of  the  Gasteropoda,  are 
quite  naked,  being  without  a  vitelline  membrane  or  chorion.  The 
egg-capsule  which  is  formed  for  them  in  their  passage  down  the 
oviduct  is  perforated  in  Sepia  by  a  micropylar  aperture. 

ClI-ETOPODA. 

(33)  Ed.  Cl&parSde.  "Les  Anoelides  ChvtopodeR  d.  Oolte  de  Naples."  Mtm,  d. 
L  SoeUt.  phy$.  el  d'hiit.  nat.  de  Genire   1866—9  aud  1670. 

(34)  E.  Eblera.  J>i«  Boritenaarmrr  naeh  $yitem.  and  anat.  VnUmiehungtn. 
Leipzig.  1864—68. 

(35)  E.  Seleakn.  "Daa  aeTass-Systeiii  d.  Aphrodite  Mukata."  tfUderldnduchei 
Arthivf.  Zool.,  Vol.  11. 1873. 

The  ova  of  the  Chsetopoda  are  in  most  cases  developed  from  the 
special  tracts  of  the  epithelial  cells  lining  parts  of  the  body  cavity,  which 


Fia.  14.  Thahbvebse  s 
ovisiAS  soo  or  Sbfu.  (Copied  &om  Lankester.) 
o.e.  outer  capBolar  membrane,  i.c  inner  cap. 
Bnlar  membrane  with  foUionlar  epitheUam.  b.r. 
blood-TeaaalB  io  section  between  the  outer  and 
inner  capsajar  membranes,    e.  vitellas. 

The  section  shews  the  folds  of  the  inner 
capsule  vith  their  epitheUmn,  which  peoetrats 
into  the  snbstonoe  of  the  ovnm  for  the  purpose 
of  supplj'ing  it  with  uouriflbment. 
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coQstitntc  a  gennioal  epitbeliuin  (fig.  15).  Very  frequentl;  (Apbro- 
dite,  Arenicola),  as  is  so  cumniuii  in  other  types,  these  tracts  of  ger- 
minal cells  surround  the  blood -veBsels,  In  some  cases  the  germinal 
epithelium  thickens  to  form  a  compact  organ,  for  which  the  outer- 
most cells  may  form  a  more  or  less  definite  membranous  covering 
(OligochseU  etc.).  The  ova  are  formed  by  the  enlargement,  accompanied 
by  other  changes,  of  these  germinal  cells.  During  their  early  develop- 
ment the  ova  are  frequently  surrounded  by  a  special  capsule,  which  is 
often  stalked,  and  provided  at  its  attachment  with  a  large  micropylar 
aperture.  In  Aphrodite  and  Folynoe  this  arrangement,  which  is  clearly 
connected  with  the  nutrition  of  the  ovum,  is  very  easily  seen.  The 
ovum  is  dehisced  into  the  body  cavity  by  the  bursting  of  its  capsidc  or 
the  rupture  of  the  stalk.  The  capsule  is  always  eventually  thrown 
otf;  but  a  vitelline  membrane  is  frequently  developed  after  the 
detachment  of  the  ovum  int«  the  body  cavity.  The  vitelline  mem- 
brane of  Spio  and  other  Polycha-ta  is  provided  with  an  equatorial  ring 
of  ampulliform  vesicles. 
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The  ovary  of  the  Discophora  is  formed  of  a  mass  of  cells  en- 
veloped in  a  membranous  sack.  In  Branch  iolxl  el  la  there  is  placed 
in  toe  central  axis  of  these  cells  a  column  of  nucleated  protoplasm 
from  which  the  cells  themselves  are  budded  ofiF.  The  development  of 
the  ovum  takes  place  by  the  enlargement  &c.  of  one  of  the  peripheral 
cells,  which  eventually  bursts  the  wall  ofthe  sack  and  isfreclydeliisced 
into  the  bmly  cavity. 

In  m0.1t  other  Leeches  (except  Piscicola  and  its  allies)  there  is 
found  a  more  specialized  arrangement  of  the  same  nature  as  in 
Branch iobd el  la,  There  are  one  or  more  coiled  e^-strings  which  lie 
freely  in  a  delicate  sack  continuous  with  the  oviduct.  Each  egg-string 
is  formed  of  a  central  rachis  and  of  a  peripheral  layer  of  cells  .  The 
ova  are  formed  by  the  enlargement  of  the  periphend  cells  accompanied 
by  a  deposition  of  food-yolk.  Food-yolk  appears  to  be  formed  in  the 
rachis  even  more  energetically  than  in  the  protoplasm  of  the  ova. 
When  ripe  the  ova  fall  into  the  oviuian  sack. 

In  Piacicola  the  development  of  the  ovum  is  somewhat  pecu- 
liar but  resembles  in  certain  respects  that  of  Bonellia  (p.  36), 
The  ova  are  developed  from  the  primitive  germinal  cells  which 
fill  up  the  ovarian  sack.    The  nuclei  in  these  cells  increase  in  number. 
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and  a  nucleated  peripheral  layer  of  each  cell  becomes  separated  from 
the  central  part,  which  also  contains  nuclei.  *]  his  latter  part  next 
divides  into  numerous  cells,  of  which  one  eventually  forms  the  ovum, 
and  the  remainder  constitute  a  mass  of  cells  adjoining  it  as  in 
Bonellia  (fig.  16).  This  mass  of  cells  eventually  disappears,  and  is 
probably  employed  in  the  nutrition  of  the  ovum. 

The  ovaries  of  the  Leech  appear  to  belong  to  the  tubular  type  in 
that  the  ova  are  not  formed  from  part  of  the  epithelium  lining  the 
body  cavity;  but  if,  as  seems  probable,  the  true  aflSnities  of  the 
Leeches  are  with  the  Chsetopoda,  the  investment  of  the  ovaries  must 
be  of  a  secondary  nature.  It  should  be  noted  that  the  ova  are  not,  as 
in  the  ordinary  tubular  ovary,  developed  from  the  epithelium  lining 
the  ovarian  tube. 

Gephyrea, 

(40)  Eefersteinn.  Ehlers.     Zoologitche  BeitrHge.    Leipzig,  1861. 

(41)  C.  Semper.     Holothurien^  1868,  p.  145. 

(43)  J.  W.  Spengel.  **Beitrage  z.  Kenntniss  d.  Gephyreen.**  Beitrdge  a,  d, 
tool.  Station  z,  Neapel,  Vol.  i.  1879. 

(4^)  J.  W.  Spengel.  ''Anaiomische  Mittheilangen  iib.  Gephyreen."  Tagehl,  d, 
Naturf.  Vers,    Munchen,  1877. 

In  the  Gephyrea,  as  in  the  Chsetopoda,  the  ova  are  developed  from 
the  lining  cells  of  the  peritoneum  and  frequently  from  the  cells 
surrounding  parts  of  the  vascular  system  (Bonellia,  Thalassema).  In 
many  cases  (Sipunculus,  Phascolosoma,  Echiurus)  the  main  growth 
of  the  ovum  takes  place  after  it  has  been  dehisced  into  the  body 
cavity. 

In  Sipunculus  the  ova  in  the  body  cavity  are  surrounded  by  a 
follicle  which  is  thrown  oflf  before  they  become  ripe. 

Brandt  denies  the  existence  of  this  follicle  or  rather  its  cellular  nature. 
Spengel's  (43)  observations  are  conclusive  in  favour  of  the  cori-ectness  of 
the  original  interpretation  of  Keferstein  and  Eblers.  The  follicles  would 
seem  to  be  formed  after  the  ova  have  become  free.  In  Phascolosoma  there 
is  no  follicle  (Semper,  Spengel). 

In  both  Phascolosoma  and  Sipunculus  a  vitelline  membrane  with 
radial  pores — zona  radiata — is  formed,  and  in  Phascolosoma  the  ex- 
ternal part  of  this  is  separated  off  as  a  structureless  vitelline  membrane. 
The  formation  of  both  these  membranes  from  the  protoplasm  of  the 
ovum  is  rendered  certain  in  the  latter  case  by  the  absence  of  a 
follicular  epithelium. 

Some  interesting  observations  on  the  growth  and  origin  of  the 
ovum  in  Bonellia  have  been  made  by  Spengel. 

The  ova  originate  from  certain  cells  (germinal  cells)  in  the 
peritoneal  investment  of  the  ventral  vessel,  overlying  the  nervous 
cord.  These  cells,  which  are  well  marked  off  from  the  surrounding 
flattened  peritoneal  elements,  increase  in  number  by  division,  and 
form  small  masses  surrounded  by  a  follicle  of  peritoneal  cells,  and 
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attached  by  a  stalk  to  the  peritoneum.  The  central  cell  of  each  mass 
grows  larger  than  the  rest,  which  arrange  themselves  in  a  columnar 
fashion  round  it;  it  is  not,  however,  destined  to  become  the  ovimi. 
On  the  contrary  certain  of  the  other  cells  adjoining  the  stalk  grow 
larger,  and  finally  one  of  these  becomes  distinguished  as  the  ovum  by 
its  greater  size  and  the  character  of  its  nucleus.  The  remainder  of 
the  larger  cells  become  of  the  same  size  as  their  neighbours.  The 
ovum  now  becomes  more  or  less  separate  from  the  muss  of  germinal 
cells,  rapidly  grows  in  size,  an<l  soon  forms  the  most  considerable 
constituent  of  the  follicle  (fig.  16,  ov).  The 
remaining  germinal  cells  are  quite  passive, 
and  though,  with  the  exception  of  the  central 
cell,  they  do  not  appear  to  atrophy,  they  soon 
constitute  a  relatively  small  pn)minence  on 
the  surface  of  the  ovum.  By  the  rupture  of 
the  stalk  the  whole  follicle  becomes  even- 
tually detached,  and  the  further  development 
of  the  ovum  takes  place  in  the  body  cavity. 
A  vitelline  membrane  is  formed,  and  eventually 
the  ovum  is  taken  into  the  oviduct  (segmental 
Oman).  At  this  time  or  slightly  before,  the 
follicle  cells  together  with  the  germinal  mass, 
which  throughout  exhibits  no  signs  of  atrophy,  (A^"*!  Speugel.) 
become  thrown  off,  and  the  ovum  is  left  ii'"''i'"™™ti'^'r  '''"*°** 
invested  in  its  vitelline  membrane.  "  '™     *'"      ""'■ 

Nematoda. 

I44)  Ed.  Clapsr^de,  Dt  la  formation  it  dt  la  Jtcvudation  du  aiij$  ehtx  Ut  Vm 
Ntmalode:    Uciiave,  186». 

(tf)    H.  Loackart.     Dir  taetaekliehtn  Paraiitm. 

(46)  H.  Mnnk.  "Ueb.  Ei-  u.  HftmeDbildong  a.  B«frncblntig  b.  d.  NcnuttodeD." 
Zeit.  /.  Kit.  Zool.,  Vol.  11.  I6j8. 

Ui)  H.  Ii«Uoiii.  "Uii  the  reproductiun  of  Ascarii  mjBtai,  etc."  Phil.  Tram. 
18C2. 

(48)    A.  Scboeider.     iloaographlt  d.  Ntmatoden.    Betlia,  1866. 

The  female  organs  consist  as  a  rule  of  two  cipcal  tubes  which  unite 
before  opcuing  to  the  exterior.  Each  of  these  is  divided  into  a 
vagina,  uterus,  oviduct,  and  ovary.  The  ovary  constitutes  the  blind 
end  of  the  tulie,  and  is  formed  of  a  common  protoplasmic  column, 
holding  a  number  of  nuclei  in  suspension.  The  protoplasm  becomes 
cleft  around  the  nuclei  in  the  uppermost  part  of  the  tube;  the 
circumscription  of  the  ova  proceeda,  however,  very  gradually,  and 
since  it  commences  at  the  periphery  of  the  column  tiie  ova  remain 
attached  by  stalks  to  a  central  axis  with  one  end  free.  In  this 
way  there  is  formed  a  rod-like  structure  known  as  the  rachis,  which 
consists  of  a  central  axis  with  a  series  of  half  circumscribed  ova 
radiatcly  arranged  round  it.  In  the  lowest  part  of  the  ovary  the  ova 
become  completely  isolated  and  form  separate  cells. 
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The  protoplasm  of  the  ova,  which  is  clear  in  the  terminal  division 
of  the  ovary,  becomes  in  most  forms  filled  lower  down  with  yolk 
spherules  secreted  in  the  body  of  the  ova.  These  commence  to  appear 
at  the  uppermost  extremity  of  the  rachis. 

In  some  instances,  e.g,  Cucullauus  elegans,  yolk  spherules  are  not 
fnrQied.  In  the  Oxyuridae  the  ova  are  directly  segmented  off  from  the 
terminal  syncytium  of  protoplasm  without  the  intervention  of  a  rachis; 
and  are  therefore  formed  in  the  same  way  as  amongst  Trematodes,  etc. 

The  origin  of  the  membrane  around  the  ova  of  the  Nematoda  has  been 
much  disputed. 

At  the  time  when  the  ovum  is  detached  from  the  rachis  no  membrane 
ix  present,  but  it  nevertheless  ap)>ears  from  Schneider'^  observations  that  the 
region  at  which  it  is  detached  is  softer  than  other  |>art8,  so  that  a  kind  of 
micropyle  is  here  formed  which  disap[)eai*s  after  impregnation.  A  delicate 
vitelline  membrane  then  appears,  around  which  there  is  subsequently 
established  an  egg-shell,  which  is  usually  stated  to  be  formed  as  a  secretion 
of  the  walls  of  the  uterus  ;  but  Schneider  and  Leuckart  have  given  strong 
grounds  for  believing  that  it  is  really  a  further  differentiation  of  the  vitel- 
line membrane  due  to  the  activity  of  the  protoplasm  of  the  ovum.  The 
originally  single  membrane  becomes  as  it  thickens  split  into  two  layers. 
The  outer  of  these  forms  the  true  egg-shell,  and  the  fertilization  of  the 
uvum  appears  to  be  a  necessary  prelude  to  its  production.  Round  the  egg- 
shell the  walU  of  the  uterus  often  secrete  a  special  albuminoiut  covering. 

The  egg-shell  exhibits  in  many  cases  peculiar  sculpturings  as  well 
as  terminal  prolongations. 

Insecta. 

(49)  A.  Brandt.     Ueher  dan  Ei  u.  seine  BildungMt&tte,     Leipzifr,  1878. 

(50)  T.  H.  Huxley.     **0u  the  agamic  reproduction  and  morphology  of  Aphiu." 
LUnean  Tratu.,  Vol.  xxii.  1858.     Vide  also  Manual  of  InverUbr<Ued  Animals^  1877. 

(51)  R.  Leaokart.     *'Ueber  die  Micropyle  a.  den  feinem  Baa  d.  Schalenhaut  bei 
den  InBeoteneiem."     MiiUer't  ArchiVj  1855. 

(51)    Fr.  Leydig.     Der  Eierstock  u.  die  Samentasche  d.  Truecten.    Dresden,  1866. 
(5.{)     Lubbock.     '* The  ova  and  pseudova  of  Insects."'    PAi7.  2'raiur.  1859. 
(54)     Stein.     Die  weiblichen  Gesch  echUorgane  d.  Kdfer,    Berlin,  1817. 

[Conf.  also  Glaus,  Landois.  Weismann,  Ludwig  (No.  4).] 

The  ovum  of  Insects  has  formed  the  subject  of  numerous 
investigations,  and  has  played  an  important  part  in  the  controversies 
on  the  nature  of  the  ovum. 

The  ovaries  are  paired  organs,  rarely  directly  connected,  each 
consisting  of  more  or  fewer  ovarian  tubes  which  open  into  a  common 
oviduct.  The  oviducts  unite  into  a  vagina,  usually  provided  with 
a  spermatheca  and  accessory  glands,  which  need  not  be  further 
alluded  to.  Each  ovary  is  invested  by  a  peritoneal  covering,  which 
assumes  various  characters,  and  either  forms  a  loose  network  covering 
the  whole  or  a  special  tunic  round  each  c^rg-tube.  It  is  continuous 
with  the  general  peritoneal  investment.  Each  ovarian  tube  (fig.  17) 
consists  of  three  sections:  (1)  a  terminal  thread,  (2)  the  terminal 
chamber  or  germogen,  (3)  the  egg- tube  proper. 

Tlic  whole  egg-tube  is  invested  in  a  structureless  tunica  propria. 
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The  terminal  threads  are  fine  prolongations  of  the  ends  of  the  eg^-tubes 
usually  continued  close  up  to  the  heart  At  their  extremities  they  fre- 
queutly  anastomose,  or  even  unite  into  a  common  thread.  In  some  cases 
they  are  absent.  They  form  either  direct  continuations  of  the  germogen 
and  have  the  same  histological  structure,  or  in  other  cases  are  Bimply  pi*o- 
longations  of  the  tunica  propria,  and  serve  as  ligaments. 

The  germogen  usually  consists  of 
two  pnrts  :  an  upper,  filled  with  nuclei 
imbedded  in  protoplasm,  and  a  lower, 
in  which  distinct  cells  have  become 
differentiated. 

The  lower  part  of  the  egg-tubes 
is  filled  with  ova  which  advance  in 
development  towards  the  oviduct,  and 
lie  in  chambers  more  or  less  distinctly 
constricted  from  each  other.  In  these 
chambers  there  are  in  most  forms  in 
addition  to  the  true  ova  a  certain  num- 
lier  of  nutritive  cells.  The  true  egg- 
tubes  are  moreover  lined  by  an  epithe- 
lial layer  which  passes  in  and  forms 
more  or  less  complete  septa  between 
the  successive  chambers.  The  points 
which  have  been  especially  controvert- 
ed are  (1)  the  relation  of  the  ovum 
to  the  germogen,  and  (2)  the  relation 
of  the  nutritive  or  yolk  cells  to  the 
ovum.  To  the  controversies  on  these 
points  it  will  only  be  possible  to  give 
a  passing  allusion. 

Ah  has  been  already  hinted  there 
are  two  distinct  types  of  ovaries,  viz. 
those  without  the  so-called  nutritive 
or  yolk  cells  and  those  with  them\ 

The  formation  of  the  ovum  is  most 
simple  in  the  type  without  yolk-cells, 
which  will  for  that  reason  be  first  con- 
sidered (fig.  17  A). 


Fio.  17.  A,  Oyabian  tube  op  the 
Flei,  Pulex  IBBITAM8.  (From 
Gegenbanr). 

o.    oYum.    g,  germinal  vesicle. 
B»     Ovarian    tube    of  a  Beetle, 
Gababus  violacsus.     (After  Lub- 
bock.) 

o.  ovarian  segment,  formed  of  an 
ovum  a,  and  a  mass  of  yolk-cells,  h. 


The  germogen  is  constituted  of  a 
number  of  nuclei  imbedded  in  a  scanty 
cementing  protoplasm.  In  the  lower 
part  of  the  germogen  the  nuclei  are  larger,  and  become  separated 
otf  from  the  nucleated  protoplasm  above,  as  distinct  cells  with  a 
thin  layer  of  protoplasm  round  the  germinal  vesicle.  These  cells 
are  the  ovji.  As  they  pass  down  the  egg-tube  their  protoplasm  in- 
creases in  bulk,  and  they  become  isolated  by  ingrowths  of  the  epithelial 

1  For  a  list  of  the  genera  with  and  without  nutritive  cells,  vide  Brandt,  pp.  47  and  48. 
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cells  the  origin  of  which  is  still  uncertain,  which  form  round  each 
ovum  a  special  follicle,  so  that  the  egg-tube  is  filled  by  a  single  row 
of  ova  each  in  an  epithelial  follicle  (fig.  17  A).  The  larger  the  ova 
the  more  columnar  is  the  epithelium  of  the  follicle.  As  the  ovi- 
ductal  extremity  of  the  egg-tube  is  approached  the  ova  increase  in 
size,  and  their  protoplasm  is  more  and  more  filled  with  yolk  particles. 
In  the  lower  part  of  the  egg-tube  the  epithelium  gives  rise  to 
a  chorion. 

The  epithelium  around  each  ovum  has  been  spoken  of  as  forming  a 
follicle,  and  it  is  implied  that  the  epithelium  round  each  ovum  travels  down 
the  egg-tube  with  the  ovum.  It  is  however  by  uo  means  clear  from  the 
observations  of  the  majority  of  writers  that  this  is  the  case,  and  in  fact  the 
epithelium  is  generally  spoken  of  as  if  it  were  simply  the  epithelium  of  the 
egg-tube.  In  &vour  of  the  view  here  adopted  the  following  considerations 
may  be  urged. 

Firstly,  there  is  considerable  evidence  that  the  superficial  layer  of 
the  germogen  gives  rise  to  the  epithelial  cells,  simultaneously  with  the 
formation  of  the  ova  fi^m  the  deeper  layers. 

Secondly,  the  fact  that  the  epithelium  grows  in  between  the  separate 
ova  appears  to  render  it  almost  certain  that  this  part  of  the  epithelium 
must  travel  down  the  egg-tubes  with  the  ova. 

Thirdly,  the  epithelium  no  doubt  gives  rise  to  the  chorion,  and  considering 
the  peculiar  structure  of  the  chorion,  this  seems  possible  only  on  the  view 
that  the  epithelium  travels  down  the  egg-tube  with  the  ova. 

Fourthly,  when,  or  even  before,  the  egg  is  laid  the  epithelium  under- 
goes atrophy,  and  the  remains  of  it  have  been  compared  to  the  corpora 
lutea. 

If  the  view  about  the  epithelium  here  adopted  is  correct,  the  epithelium 
without  doubt  corresponds  to  the  follicular  epithelium  of  other  ova,  and  has 
the  same  origin  as  the  ova  themselves. 

The  ovaries  with  yolk-cells  differ  in  appearance  from  those 
without,  mainly  in  each  ovarian  chamber  of  an  egg-tube  con- 
taining two  elements,  usually  more  or  less  distinctly  separated. 
These  two  elements  are  (1)  at  the  lower  end  of  the  chamber,  the 
ovum,  and  (2)  at  the  upper,  large  cells  which  gradually  disappear  as 
the  ovum  grows  larger  (fig.  17  B). 

The  uppermost  part  of  the  egg-tube  is  formed,  as  in  the  previous 
tJHP^y  by  a  mass  of  nucleated  protoplasm,  but  the  germinal  cells 
formed  from  it  do  not  all  become  ova.  The  germinal  cells  leave  the 
germogen  in  batches,  and  in  each  batch  one  of  the  cells  may  usually 
be  distinguished  from  the  very  first  as  the  ovum  ;  the  remainder 
forming  the  nutritive  cells.  In  the  uppermost  part  of  the  egg-tube 
the  whole  mass  of  each  batch  is  very  small,  and  the  successive 
batches  are  very  imperfectly  constricted  from  each  other.  Gradually 
however  both  the  nutritive  cells  and  the  ovum  grow  in  size,  and  then 
as  a  rule,  the  Diptera  forming  a  marked  exception,  the  chamber 
containing  a  batch  becomes  constricted  into  an  upper  section  with 
the  nutritive  cells  and  a  lower  one  with  the  ovum.     The  ovum  in 
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passing  down  the  tube  becomes  gradually  invested  by  a  layer  of 
epithelial  cells,  which  in  many  cases  pass  in  and  partially  separate 
the  ovum  from  the  nutritive  cells.  The  epithelium  appears  not 
unfrequently  to  be  continued  as  a  flat  layer  between  the  nutritive 
cells  and  the  wall  of  the  egg-tube. 

As  was  first  shown  by  Huxley  and  Lubbock,  the  protoplasm  of  the 
ovum  is  often  continued  up  as  a  solid  cord,  which  terminates  freely  between 
the  nutritive  cells,  and  serves  to  bring  to  the  ovum  the  material  elaborated 
by  them.  It  is  present  in  its  most  primitive  form  in  the  somewhat 
aberrant  ovary  of  Coccus.  In  this  ovary  the  terminal  chamber  is  filled 
with  celU  which  are  united  to  a  central  rachis,  as  in  Nematodes,  and  the 
prolongation  from  the  ovum  is  continuous  with  this  rachis.  This  cord 
ia  known  as  the  yolk-duct  (Dottergang)  by  German  writers.  Although  it 
is  not  generally  present  in  a  distinct  form,  there  is  always  a  passage 
connecting  the  ovum  and  yolk-cells,  even  when  the  follicular  epithelium 
grows  in  and  nearly  separates  them. 

The  number  of  nutritive  cells  varies  from  two  (one  ?)  to  several 
dozen.  After  they  have  reached  a  maximum  they  gradually  atrophy, 
and  are  finally  absorbed  without  apparently  fusing  directly  with  the 
ovum.  The  two  types  of  insect  ovaries  appear  fundamentally  to  differ 
in  this.  In  the  one  type  all  the  germinal  cells  develop  into  ova ;  in 
the  other  the  quantity  is,  so  to  speak,  sacrificed  to  the  quality,  and 
the  majority  of  germinal  cells  are  modified  so  as  to  subserve  the 
nutrition  of  the  few.  It  is  still  undecided  whether  the  yolk-cells 
absolutely  elaborate  yolk  particles,  or  are  merely  conveyers  of  nutri- 
ment to  the  ovum. 

The  egg-membranes  of  Insects  present  many  points  of  interest, 
which  are  however  for  the  most  part  beyond  the  scope  of  this  work. 
There  is  always  a  chorion  formed  as  a  cuticular  deposit  of  the  follicle 
cells,  which  is  frequently  sculptured,  finely  perforated,  etc.,  and  is  in 
many  instances  provided  with  a  micropyle,  developed,  according  to 
Leydig,  at  the  upper  end  of  the  ovum. 

Its  development  at  this  point  appears  to  be  due  to  the  fact  that 
the  follicle  is  here  incomplete;  so  that  the  cuticular  membrane 
deposited  by  it  is  also  incomplete. 

A  true  vitelline  membrane  can  in  many  instances  be  demonstrated 
(Donacia,  etc.). 

Araneina. 

(55)  Victor  Cams.     **Ueb.  d.  Entwick.  d.  Spixmeneies.'*    Zeit.f,  win,  ZooL^ 
Vol.  II.  1850. 

(56)  y.  Wittioh.  **I>ieEntBtehangd.  ArachnideneiesimEiemtook,  etc.''  Mailer** 
Archiv,  1849. 

[Conf.  Leydig,  Balbiani,  Lad  wig  (No.  4),  etc.] 

The  ova  of  many  Araneina  are  remarkable  for  the  presence  in  the 
ovum  of  the  so-called  yolk-nucleus.  The  ova  develupe  from  the 
epithelial  cells  lining  the  ovarian  sack.  Certain  of  these  cells  grow 
large  and  project  outwards,  invested  by  the  structureless  membrane  of 
the  ovarian  wall.     The  stalks  of  projections  so  formed  are  turned  to- 
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wards  the  lumen  of  the  ovary,  and  are  plugged  with  the  epithelial  cells 
which  line  the  ovarian  sack.  When  ripe,  the  ova  pass  from  their  sacks 
into  the  cavity  of  the  ovary.  The  yolk-nucleus,  which  appears  very 
early,  is  a  solid  body  present  in  the  protoplasm  of  the  ovum.  It  is  not 
found  in  all  genera  of  Araneina.  At  its  full  development  it  exhibits 
in  the  fresh  condition  a  granular  structure,  but  very  soon  shews  an 
irregularly  concentric  stratification  which  becomes  more  marked  on  the 
addition  of  reagents.  According  to  Balbiani  this  stratification  is 
confined  to  the  superficial  layers,  while  internally  there  is  a  body 
with  all  the  characters  of  a  cell.  The  yolk  nucleus  is  still  found  in 
the  nearly  ripe  ovum,  though  it  always  disappears  before  development 
commences.  It  is  probably  connected  with  the  nutrition  of  the 
ovum,  though  nothing  is  certainly  known  about  its  function. 

Crustacea. 

(57)  Aag.  Weismann.    "Ueb.  d.  BildusgyonWiiitereiembeiLeptodorahyalina." 
Zeit.  /.  wi»8,  ZooL,  Vol.  xxvii.  1876. 

[For  general  literature  vide  LndwigNo.  4  and  Ed.  Van  Beneden,  No.  i.] 

Amongst  the  many  interesting  observations  on  the  Crustacean 
ova  I  will  only  allude  to  those  of  Weismann  on  the  ova  of  Leptodora, 
a  well-known  Cladoceran  form. 

The  phenomena  of  the  development  of  the  ova  in  this  form 
present  a  close  analogy  with  those  in  Insects. 

The  ovary  is  formed  of  (1)  a  germogen  containing  at  its  upper  end 
nucleated  protoplasm  and  lower  down  germinal  cells  in  groups  of 
four ;  (2)  of  a  portion  formed  of  successive  chambers  in  each  of  which 
there  is  a  row  of  four  germinal  cells.  Of  the  four  cells  only  the 
third  develops  into  an  ovum ;  the  remainder  are  used  as  pabulum. 
This  is  the  mode  of  development  in  the  summer.  In  the  winter  the 
sacrifice  of  a  larger  number  of  germinal  cells  is  required  for  the 
development  of  the  ova;  and  an  ovum  is  produced  only  in  the 
alternate  chambers.  In  the  chambers  where  an  ovum  will  not  be 
formed  an  epithelial  investment  becomes  first  established  round  the 
four  germinal  cells.  The  four  cells  then  coalesce,  and  form  a 
spherical  ball  of  protoplasm  from  which  portions  are  budded  off  and 
absorbed  by  the  investing  epithelial  cells,  which  at  the  same  time 
lose  their  nuclei.  When  the  whole  of  the  central  ball  is  thus 
absorbed  by  the  epithelial  cells,  the  latter  become  used  by  the  winter 
ovum  as  food.  The  winter  ovum  at  its  full  development  is  formed  of 
a  central  mass  of  food-yolk  and  superficial  layer  of  protoplasm. 
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There  are  some  very  obBcure  points  connected  with  the  growth  of 
the  ovum  of  the  Tunicata.  When  quite  young  the  ovum  is  a  naked  cell 
with  a  central  nucleus  containing  a  single  large  nucleolus.  Around 
it  is  a  flat  follicular  epithelium  enclosed  in  a  memhrana  propria 
folliculi.  The  follicle  cells  soon  become  larger  and  give  nse  to  an 
envelope  round  the  egg  of  the  nature  of  a  chorion.  At  the  same 
time  tney  frequently  Mcome  cubical  or  even  columnar,  and  filled 
with  numerous  vacuoles. 

During  or  after  the  completion  of  the  above  changes  a  number 
of  bodies  usually  spoken  of  as  test-cells  make  their  appearance  in 
the  superficial  protoplasm  of  the  egg,  which  by  the  time  the  egg 
is  ripe  arrange  themselves  in  many  species  as  a  definite  layer  round 
the  periphery  of  the  ovum.  These  bodies  have  received  their  name 
from  the  opinion,  now  known  to  be  erroneous  (Hertwig  and  Semper), 
that  they  eventually  migrated  into  the  test  or  mantle  of  the  embryo 
which  becomes  developed  round  the  ovum.  By  Kowalevsky  (No.  58) 
these  bodies  are  rcgarde<l  as  true  cells,  and  are  believed  to  be  formed 
by  some  of  the  cells  of  the  original  follicular  epithelium  making  their 
way  into  the  vitellus  of  the  ovum  and  multiplying  there.  By  KupfTer 
(No.  60),  and  Qiard  (No.  61),  and  Fol,  they  are  also  regarded  as  true 
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cells,  but  are  believed  to  originate  spontaneously  in  the  vitellus. 
Finally  by  Semper  they  are  believed  not  to  be  cells,  but  to  be 
amoeboid  protoplasmic  bodies  which  are  pressed  out  from  the  vitellus 
under  the  stimulus  of  the  *sea- water  or  otherwise. 

They  do  not  according  to  this  author  naturally  appear  till  the  ovum 
is  quite  ripe,  though  they  can  be  artificially  produced  at  an  earlier  period 
by  the  action  of  reagents  or  sea-water.  When  produced  in  the  natural 
course  of  things  the  vitellus  undergoes  a  contraction.  They  are  without 
any  apparent  function,  and  play  no  part  in  the  embryonic  development. 
Semper*s  results  are  very  peculiar,  but  owing  to  the  careful  study  which 
his  paper  displays  they  no  doubt  deserve  attention.  Further  investigations 
are  however  very  desirable.  Kowalevsky  from  his  researches  on  Pyrosoma 
(No.  59)  adheres  to  his  first  opinion,  though  he  abandons  the  view  that 
these  cells  are  connected  with  the  formation  of  the  test. 

In  the  passage  of  the  egg  through  the  oviduct  the  vacuolated 
follicle  cells  grow  out  into  very  peculiar  long  processes  or  villi.  In 
Ascidia  canina  these  processes  become  as  long  as  the  whole  diameter 
of  the  vitellus  (KupflFer,  No.  60). 

In  Amphioxus  and  the  Craniata  the  ova  are  developed  as  in  the 
ChsBtopoda,  Gephyrea,  etc.,  from  specialized  germinal  cells  of  the 
peritoneal  epithelium. 

In  Amphioxus  the  germinal*  epithelium  which  constitutes  the 
essential  part  of  the  ovary  is  divided  into  a  number  of  distinct 
segments :  in  the  Craniata  no  such  division  is  observable. 

In  young  examples  of  Amphioxus  the  generative  organs  are  in 
an  indifferent  condition,  and  the  two  sexes  cannot  be  distinguished. 
They  form  isolated  horse-shoe  shaped  masses  of  cells,  which  occupy 
a  position  at  the  base  of  the  myotomes,  in  the  intervals  between  the 
successive  segments ;  and  extend  from  the  hinder  end  of  the  respira- 
tory sack  to  the  abdominal  pore.  They  are  situated  in  the  proper 
body  cavity,  and  are  surrounded  by  the  peritoneal  membrane.  Each 
generative  mass  is  at  first  solid,  and  is  formed  of  an  outer  layer  of  more 
flattened  cells  and  an  inner  mass  of  large  rounded  or  polygonal  cells. 
In  its  interior  there  appears  at  a  somewhat  later  period  a  central 
cavity.  After  the  cavity  has  appeared  the  sexes  can  be  distinguished 
by  the  different  behaviour  of  the  cells. 

In  all  the  Craniata,  the  ovary  forms  a  paired  ridge  (unless  single 
by  abortion  or  fusion)  attached  by  a  mesentery  to  the  dorsal  wall 
of  a  more  or  less  extended  region  of  the  abdominal  cavity.  This 
ridge  is  at  first  identical  in  the  two  sexes,  and  arises  at  an  early 
period  of  embryonic  life.  It  is  essentially  formed  of  a  thickening  of 
the  peritoneal  epithelium,  and  in  Osseous  Fish,  Ganoids  (?)  and 
Amphibia  the  ovary  remains  during  embryonic  life  nearly  in  this 
condition,  though  a  small  prominence  of  the  adjacent  stroma  also 
becomes  formed.  In  other  Craniata  the  ridge,  though  at  first  in 
this  condition,  very  soon  becomes  much  more  prominent,  and  is 
formed  of  a  central  core  of  stroma  enclosed  in  the  germinal  epi- 
thelium (fig.  18). 


CItOllDATA. 


Tlie  thickened  germinal  epithelium  givea  riae  (!»  the  casG  of  the 
female)  to  the  i>va  and  the  fullicular  epithelium.  Whether  the 
genital  rid}^  is  pnjvided  with  a  core  uf  stroma  or  no,  the  germinal 
epithelium  is  always  in  contact  on  one  side  with  the  stroma,  from 
which  it  is  at  iirat  separated  hy  a  well-marked  boundary  line ;  but 
after  a  certain  time  there  appear  numerous  vascular  ingrowths  from 
the  stroma,  which  penetrate  through  all  parts  of  the  germinal 
epithelium,  and  break  it  up  into  a  spongo-like  structure  formed  of 
trabecule  of  geiininal  epithelium  interjienet rated  by  vascular  strands 
of  stroma.  The  trabeculie  of  the  geniiinal  epithelium  form  the  egg 
tubes  of  PflUger. 

With  reference  to  the  distribution  of  the  stroma  in  the  germiual 
epithelium,  it  may  be  said  in  a  general  way  that  there  is  a  special 
layer  close  to  the  surface  of  the  ovary,  which,  after  the  formation  of 
fresh  ova  has  nearly  ceased,  completely  isolates  a  superficial  layer  of 
the  germinal  epithelium  from  the  deeper  and  major  part  of  it  The 
superficial  layer  is  frequently  (but  erroneously)  regarded  as  consti- 
tuting the  whole  of  the  germinal  epithelium.  The  layer  of  stroma 
below  the  superficial  epithelium  forms  in  the  mammalian  ovary  the 
tunira  albuginea.  As  the  follicles  are  formed  in  the  trabecule  of 
germinal  epithelium  the  stroma  grows  in  around  them,  and  forma 
fur  each  one  of  them  a  specia!  iiiiitc. 


The  otlult  ovaries  dilTer  in  a  corresponding  manner  to  the  em- 
bryonic genital  ridges  as  tn  ilie  presence  of  a  core  of  stroma.  The 
ovaries  which  are  without  auch  a  core  in  the  embryo,  are  al^o 
without  it  in  the  adult,  and  are  formed  of  a  double  layer  of  tissue 
entirely  derived  from  the  germinal  epitheUum  with  its  ingrowths  of 
otromn,  and  composed,  for  the  most  part,  of  ova  in  all  stages  of 
iluvtilopmt^'nt.  In  the  case  of  the  other  ovaries  there  is  a  hitus  of 
stroma — ihc  zona  vasculosa — internal  to  the  egg-bearing  region. 
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In  Mammalia,  proportiouately  to  the  ovary,  the  zona  vasculosa  is 
at  a  maximum,  and  in  Biixls  and  Reptiles  it  is  relatively  far  less  develo|)ed. 
In  these  forms  the  germinal  epithelium  covers  the  whole  surface  of  the 
ovary.  In  £lAsmobranchii  the  structure  of  the  ovary  is  somewhat  different, 
owing  to  the  presence  iu  the  ovarian  ridge  of  a  large  quantity  of  a  pecu- 
liar lymphatic  tissue,  which  has  no  homologue  in  the  other  ovaries; 
and  still  more  to  the  ^t  that  the  true  germinal  epithelium  is  in  most 
forms  entirely  confined  to  the  outer  surface  of  the  ovary,  on  which 
it  forms  a  layer  of  thickened  epithelium  in  the  embryo  (fig.  17),  aud  of 
ovigerous  tissue  in  the  a<lult. 

In  the  ovary  of  Mammalia  and  Beptilia  and  possibly  other  forms 
there  are  present  in  the  zona  vasculosa  during  embryonic  life  cords  of 
epithelial  tissue  derived  from  the  Malpighian  bodies;  these  cords  have 
no  function  in  the  female,  but  in  the  male  assist  in  forming  the 
seminiferous  tubules. 

In  considering  the  development  of  the  ova  it  is  again  convenient 
to  distinguish  between  Amphioxus  and  the  Craniata. 

In  Amphioxus  the  germinal  cells  destined  to  become  ova  are  first 
distinguished  by  the  larger  size  of  their  germinal  vesicles  and  by  the 
presence  of  certain  refracting  OTanules  in  their  protoplasm.  They 
subsequently  rapidly  enlarge  and  form  protuberances  on  the  surface  of 
the  ovary,  which  are  enveloped  for  three-quarters  of  their  circumference 
by  the  flattened  epithelioid  cells  of  the  peritoneal  membrane,  which 
thus  form  a  kind  of  follicle.  As  the  ova  become  ripe  yolk-granules 
are  deposited  in  their  protoplasm,  first  in  the  superficial  layer  and 
subsequently  throughout.  The  germinal  vesicle  also  passes  from  the 
centre  to  the  surface.  A  vitelline  membrane  is  formed  when  the  ova 
are  mature. 

In  the  Craniata  the  ova  are  developed  from  the  cells  of  the 
germinal  epithelium.  In  the  types  with  larger  ova  (Teleostei, 
Elasmobranchii,  Amphibia,  Reptilia,  Aves),  at  a  very  early  period, 
sometimes  (Elasmobranchii)  even  before  the  formation  of  the  genital 
ridge,  certain  of  the  cells  which  are  destined  to  form  ova  become 
distinguished  by  their  greater  size,  and  by  the  possession  of  an 
abundant  clear  protoplasm  and  a  large  spherical  granular  nucleus. 
(Fig.  18,  po,)  Such  special  cells  form  primitive  germinal  cells,  and 
are  common  to  both  sexes. 

For  a  considerable  period  after  their  firat  formation  these  cells 
remain  stationary  in  their  development ;  but  their  number  increases, 
partly,  it  appears,  by  an  addition  of  fresh  ones,  and  partly  by 
division.  Owing  to  the  latter  process  the  germinal  cells  come  to 
form  small  masses  or  nests.  The  following  description  of  the  further 
changes  of  these  cells  in  the  female  refers  in  the  first  instance  to 
Elasmobranchii,  but  holds  good  in  most  respects  for  other  types  as  well. 

It  is  convenient  to  distinguish  two  modes  in  which  the  primitive 
germinal  cells  may  become  converted  into  permanent  ova,  though 
the  morphological  diflference  between  the  two  modes  is  of  no  great 
importance. 
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Id  tbe  firet  mode  the  protoplasm  of  all  the  cells  forming  a 
nest  imtles  into  a  single  mass  containing  the  nuclei  of  the  previously 
indepenflent  ova  (fig.  19,  tik).  Tlie  nuclei  in  the  nest  increase 
in  number,  probably  by  division,  and  at  the  same  time  the  nest 
itself   increaEeB   in   size.     The   nuclei   while   increasing  in   number 
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■n.  NenU  tunoed  ot  acQilonieraUd  Rerminal  oellii,  Th«  nuclei  of  these  eelln  are 
imbediled  in  nndiTidMl  protopUun.  d.o.  developing  ova.  o.  ovnm  witb  follicle. 
p,o.  primitive  serminal  ecll.  _  d.t^,  blood -veuwlB. 

also  undergo  important  changes.  A  segregation  of  their  contents 
takes  place,  and  the  granular  part  (imclear  Eubstance)  forms  a 
mass  close  to  one  side  of  the  membrane  of  the  nucleus,  while  the 
remainder  of  the  nucleus  is  filled  with  a  clear  fluid.  The  whole 
nucleus  at  the  saine  time  increases  somewhat  in  sizn.  The  granular 
mass  Kmdually  assumes  a  stellate  form,  and  finally  becomes  a  beauti- 
ful reticulum,  of  the  character  so  well  known  in  nuclei,  (F^.  19,  do). 
Two  or  three  special  nucleoli  are  present,  and  fomi  the  noaal  points 
of  the  reticulum,  while  its  meshes  arc  filled  up  with  the  clear 
fluid  constituents  of  the  nuclcuB.  Not  all  the  nuclei  undergo  the 
above  changes;  but  some  of  them  stop  short  in  their  development, 
undergo  atrophy,  and  appear  Anally  to  be  absorbed  as  pabulum 
by  the  protoplasm  of  the  nest  Such  nuclei  in  a  state  of  degenera- 
tion arc  shewn  in  fig  19.  Thus  only  a  few  nuclei  out  of  a 
nest  undergo  a  complete  development  At  first  the  protoplasm 
of  the  neat  is  clear  and  transparent,  but  as  the  nuclei  undergo 
tlieir  changes  the  protoplasm  becomes  more  granular,  and  a  specially 
large  quantity  of  granular  protoplasm  is  generally  present  around 
the  most  developed  nuclei,  and  these  with  their  protoplasm  gradually 
become  constricted  off  from  the  neat,  and  constitute  the  permanent 
ova.  (Fig.  19,  do.)  The  relative  number  of  ova  which  may  develope 
from  a  single  nest  is  subject  to  great  variation.  The  object  of  the 
whole  occurrence  of  the  fusion  of  primitive  ova  and  the  subsequent 
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atrophy  of  some  of  them  is  to  ensure  the  adequate  nutrition  of 
a  certain  number  of  them. 

In  the  second  and  rarer  mode  of  development  of  permanent 
ova  from  primitive  germinal  cells,  the  nuclei  and  protoplasm  undergo 
the  same  changes  as  in  the  first  mode,  but  the  cells  either  remain 
isolated,  and  never  form  part,  of  a  nest,  or  form  part  of  a  nest  in 
which  no  fusion  of  protoplasm  takes  place,  and  in  which  all  the  cells 
develope  into  permanent  ova. 

The  isolated  ova  and  nests  are  situated,  during  the  whole  of 
the  above  changes,  amongst  the  general  undifferentiated  cells  of 
the  germinal  epithelium,  but  as  soon  as  a  permanent  ovum  becomes 
formed  the  cells  adjoining  it  arrange  themselves  around  it  as  a 
special  layer,  and  so  give  rise  to  the  epithelium  of  the  follicle 
(fig.  19,  o).  The  growths  of  stroma  into  the  germinal  epithelium 
appear  shortly  after  the  formation  of  the  earlier  follicles. 

Mammalia,  The  development  of  the  ovary  in  Mammalia  differs 
mainly  from  that  just  described  in  that  the  formation  of  primitive 
germinal  cells  from  the  indifferent  cells  of  the  germinal  epithelium 
takes  place  at  a  relatively  much  later  period. 

The  stroma  grows  into  the  germinal  epithelium  while  it  is 
still  formed  of  rounded  indifferent  cells,  and  divides  it  into  trabecules 
as  described  above.  At  a  later  period  a  number  of  the  cells  in 
the  deeper  layer  of  the  epithelium,  as  well  as  certain  cells  in  the 
superficial  pai*t,  become  primitive  germinal  cells,  while  the  remainder 
of  the  cells  become  smaller  and  are  destined  to  form  the  follicle 
cells. 

The  most  conspicuous  primitive  germinal  cells  are  situated 
in  the  superficial  layer  of  epithelium ;  and  the  primitive  germinal  cells 
in  the  deeper  layers  of  the  germinal  epithelium  are  not  nearly  so 
marked  as  in  most  Craniata,  so  that  it  is  difiicult  in  some  cases  to  be 
sure  of  their  destination  till  their  nucleus  commences  to  undergo 
its  characteristic  metamorphosis. 

The  change  of  the  primitive  ova  into  permanent  ova  takes 
place  in  the  same  manner  in  Mammals  as  in  Elasmobranchii,  except 
that  the  fusion  of  the  primitive  ova  into  polynuclear  masses  is 
much  rarer.  The  formation  of  the  at  first  quite  simple  follicles 
takes  place  while  the  ova  are  still  aggre^ted  in  large  masses ; 
and  the  first  follicles  are  formed  in  the  innermost  part  of  the 
germinal  epithelium.  Soon  after  their  formation  the  follicles  become 
isolated  by  connective-tissue  growths. 

Post-embryonic  development  of  tlie  ova. 

The  ova  of  the  Vertebrata  differ  greatly  in  size  and  structure. 
The  differences  in  size  depend  upon  the  quantity  of  the  food-yolk. 
In  the  Amphioxus  and  Mammalia,  in  which  the  ova  are  smallest, 
the  comparatively  insignificant  amount  of  food-yolk  is  distributed 
uniformly   through    the  ovum.     A  larger  quantity  of  it  is  present 
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in  the  ova  of  Amphibia,  Marsipobranchii  and  Teleostei,  and  it  attains 
an  immense  development  in  the  ova  of  Elasmobranchii,  Reptilia, 
and  Aves. 

The  food-yolk  originates  from  a  differentiation  of  the  protoplasm 
of  the  egg.  It  arises  as  a  number  of  small  highly  refracting  particles 
in  a  stratum  slightly  below  the  surface. 

In  the  Mammalian  ovum  these  particles  spread  through  the  protoplasm 
of  the  egg,  but  do  not  attain  any  considerable  development.  Id  other 
forms  the  case  is  different.  In  Elasmobranch  Fishes  the  refracting  particles 
appear  to  develope  into  vesicles,  in  the  interior  of  which  there  arise 
solid  oval  or  even  rectangular  highly  refracting  bodies,  in  the  substance 
of  which  a  stratification  may  usually  be  olwerved,  which  gives  them 
an  appearance  not  unlike  that  of  striated  muscle.  In  Teleostei  the 
yolk  assumes  very  different  characters  in  different  cases.  It  is  often 
formed  of  largor  or  smaller  vesicles  containing  in  their  interior  other 
bodies.  Stratified  plates  like  those  of  Elasmobranchii  are  alno  not  un- 
common. In  the  ri|)e  ovum  of  Teleostei  the  food-yolk  usually  resolves 
itself  into  a  large  vitelline  sphere,  which  occupies  the  greater  part  of 
the  ovum,  and  is  formed  of  a  highly  refracting  fluid  material  which 
coHgulates  on  the  addition  of  water.  It  contains  in  many  instances  one 
or  more  highly  refracting  bodies  known  as  oil  globules,  and  is  invested 
by  a  granular  ]>rotop]asmic  layer  continuous  with  the  germinal  disc,  in 
which  a  number  of  normal  yolk  spherules  are  frequently  present  In  the 
ovum  of  the  Herring'  no  distinct  investing  protoplasmic  layer  or  germinal 
disc  is  present  till  after  impregnation,  but  the  ovum  is  formed  of  a  super- 
ficial layer  with  minute  yolk  spherules,  and  of  a  central  portion  with  larger 
yolk  spheres. 

In  Amphibia  the  yolk  very  often  appears  in  the  form  of  oval  or  quadri- 
lateral plates.  In  Reptilia  the  yolk  s]>herulc8  are  vesicles,  somewhat 
similar  to  the  white  yolk  spheres  of  Aves,  but  as  a  rule  without  the  highly 
refracting  spheres  in  their  interior.  The  peculiar  and  coni))lic}ited 
arrangement  and  structure  of  the  white  and  yellow  yolk  in  Birds  is 
fully  described  in  the  "Elements  of  Embryology,"  and  it  need  only  be  said 
that  the  yolk  developes  in  Binls  in  the  same  manner  as  in  other  ty|>es, 
and  that  at  first  all  the  yolk  spherules  appear  in  the  form  of  white  yolk. 
The  yellow  yolk  spheres  are  a  ])eculiar  modification  of  white  yolk  sphei-es, 
formed  com|)aratively  late  in  the  development  of  the  egg  (i^g,  20). 


Fio.  20.    Yolk  klexkmts  from  the  too  or  the  Fowl. 
A.  Yellow  yolk.    B,  White  yolk. 

In  the  eggs  of  many  Amphibia  a  dark  granular  mass  known  as  the 
yolk  nucleus  makes  its  appearancti;  and  is  supposed,  without  any  very 
clear  evidence,  to  be  related  to  the  formation  of  the  yolk. 

>  Knpffer,  Laicktn  ti.  Entwicklung  dti  Ostste-Hdringi.    Berlin,  1878. 
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tiodj  in  the  form  of  a  Rhell  enclosing  a  dark  niioleuH,  wliich 
ii  perha]>B  of  the  Batiie  nature,  hag  been  described  by  Eimer  in  the 
Re[itilian  egg:  it  eventurtlly  resolves  itself  into  a  mimber  of  angular 
fragmeuta.     In  ElHsinobi-Hucljii  a  aimilar  body  is  perhaps  present. 

The   food-yolk   just  de'icribed  is  imbedded  in  the  active  proto- 
plasmic  portion   of  tbe   body   of  tbe   ovum.     In   the   case   of  the 
i>»niniilia,D  ovum  the  food-yolk  is  fairly  UDifurraly  distributed,  but 
the   ca^e  of  alt  other  crauiate  ova  the  protoplasm  of  the  ovum 
concentrated  at  one  pole,  which  is  known  as  the  upper 
r  animal  pole,  and  the  food-yolk  is  more  especially  concentrated  at 
e  opposite  pole.     The  Herring's  ovum  forms  an  apparent  exception 
>  this  statement,  iu  that  the  concentration  of  the  protoplasm  to  form 
Sie   germinal  disc  does  not  take  place  till  after  impregnation.     In 
mpbibia  the  animal  pole  is  mainly  marked  by  the  smaller  size  of 
eyolk  spherules,  but  in  moat  other  forms  a  small  portion  of  the 
bum  in  the  region  of  the  gemiiiial  vesicle  is  nearly  free  from  yolk 
■heniles,  and  then  forms  a  more  or  les.s  specialized  part  known  as 
Rie  geitninal  disc.    In  Aves.  Reptilia.and  Elasmobranchii  the  germinal 
aisc  shades  off  insensibly  into  the  yolk ;  but  in  Teleostei  it  is  more 
sharply  marked  off,  and  is  continued  more  or  less  completely  round 
the  periphery  of  tbe  ovum.     In  ova  with  true  germinal  discs  it  is  the 
germiuat  disc  alone  which  undergoes  segmentation.     Tlie  protoplasm 
of  vertebrate  ova  frequently  eshibits  a  reticulate  or  sponge-like  struc- 
ture {fig.  21)  and  the  reticidum  in  many  cases,  e.g.  Elasmobranchii  aud 
y        Beptilia,  serves  to  hold  the  yolk  spheres  together.    In  the  Tench  it  has 
^^^Bean  observed  by  llambeke  to  penetrate  into  the  vitelline  sphere. 
^^^H     In  the  ova  of  the  Craniata  the  germinal  vesicle  is  generally  poly- 
^^^Hucleolar.      In  Amphioxus  and  Petromyzon  there  is  however  but 
^^^^k  single  nucleolus,  and  in  Mammalia  there   is  usually  one   special 
^^^^BUcleolus  and  two  or  three  accessory  ones.     The  opposite  extreme 
^^^B|  reached  in  many  osseous  fish  where  the  nucleoli  are   extremely 
^^^K)*'i°^i'>3<iS-     ^he  protoplasmic  reticulum  of  the  embryonic  germinal 
K        vesicle  may  in  some  instances  be  retained  till  the  ovum  is   nearly 
ripe,  but  usually  assumes  a  very  granular  form.     It  is  at  first  con- 
nected  with  the  nucleoli  which  form  nodal  points   in   it,  but   this 
relation  cannot  always  be  detected  in  the  later  stages.     A  membrane, 
which  i^Jl^nse  of  the  larger  ova  becomes  very  thick,  is  always 
J  germinal  vesicle.     It  is  said  to  be  perforated  in 
.  (Eimer).     As  to  the  position  of  the  germinal 
t  situated  in  the  centre  of  the  ovum,  but  always 
I  the  animal  pole,  and  as  the  egg  becomes  ripe 
btges   which  will  he  more  especially  detailed  in  tlie 
■  In  the  ova  with  a  large  amount  of  food-yolk  it  assumes 
eition  very  eaily. 

gies  of  the  primary  egg-membranes  of  Craniata  are 
e  obscurity.    There  seem  to  be  three  membranes, 
J  all  coexist,  and  of  which  one  or  more  are  almost  always 
iThese  membranes  are — 
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(1)  All  outermost  usually  bomc^eiieoiis  iion-pcrforat«d  mem- 
brane, which  Ih  by  most  autbont  regarded  as  a  cboriou,  but  ia  probably 
a  vitelline  membraue — by  wbich  name  I  shall  speak  of  it 

(2)  A  nwiiately  striated  membrane  (interniil'to  the  former  vhen 
the  two  coexist)  which  can  be  broken  up  into  a  scries  of  separate 
columns.  These  give  to  the  membrane  its  radiate  striation,  but  it 
is  probable  that  between  the  columns  there  are  pores  sufficiently 
laige  to  admit  of  tlie  passive  of  protoplasmic  Hlameuts.  This  mem- 
brane will  be  spoken  of  as  the  zona  radiata.  It  is  a  ditferentiation  of 
the  outermost  layer  of  the  yolk. 

(3)  Witliin  the  zona  radiata  a  third  and  delicate  membrane 
is  occasionally  found,  especially  when  the  uvum  is  approaching 
maturity. 

In  Elasmobranchii  the  first  membrane   to 

/'  -^  ,/  he   formed   ia  the  vitelline   membrane,  which 

/./    /,',  ^"       appeara  in  some  instancee  before  the  formation 

/■'''  /   ''/'  "*  *''*  follicle — a  fact  which  appears  to  shew 

U''         //  ^''**  ''  ^  really  formed  as  a  difterentiatioii  of 
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the  protoplasm  of  the  egg.     In  most  Ela-smo- 
1^  bmiichii    thia  membraue   attains  a  very  con- 

/'  ,</,■        siderablo    development      A    zona    radiata    is 

generally  (if  not  always)  present  in  Eiiwrno- 
Fin.  31.  HFcnnH  bnuicliii,  hut  arises  at  a  later  period  than  the 
tnnimun  a  kmall  fABr  vitelline  membrane  {fig.  21  Zn).  The  zona 
ovc™ or "is^iMMiTiHB  nullata  always  disappears  long  before  the  ovum 
rtMu-B  or  ticiixiL-v  is  ripe.  The  vitelline  membrane  also  gradually 
ga!(ici:la.  atroi)hies,  though   it   lasts  much  longer   than 

Hum.'  n"  vfuaiitti  tl^e  zona  radiata.  When  the  egg  is  taken 
membrane.  Zn.  lunti  Up  by  the  oviduct  all  trace  of  both  metn- 
mliau.  yk.  jiilii  with  brancs  has  vanished.  In  Reptilia  precisely 
prol..pla.mic  network.  ^^^  ^^^^  arrangements  of  the  membranes 
are  found  as  in  Elasmobranchii,  except  that  us  a  rule  the  zona  radinta 
is  relatively  more  importamt.  The  vitelline  membrane  is  thin  except 
in  the  Crocodilia.  The  third  innonni«t  membrane  is  found  according 
to  Eimer  in  many  Reptilia.  lu  birds  both  vitelliue  membrane 
and  zona  radiata  are  present,  hut  the  latter  atrophies  early,  leaving 
the  former  as  the  solo  membrane  when  the  egg  ia  ripe. 

lu  iiSKOOus  tish  the  vitelline  membrane  is  usually  either  absent 
or  may  perhaps  in  some  instanee.s,  e.g.  the  Perch,  be  imperfectly 
represented.  In  the  ripe  ovum  of  the  Herring  there  is  a  distinctly 
developed  membrane  external  to  the  zona  radiata  which  is  probably 
the  vitelline  membraue.  Tlie  zona  railiata  attains  a  very  great 
development,  and  is  generally  provided  witii  knobs  of  various  simiies 
on  its  outer  surface.  A  delicate  membrane  internal  to  thi.H — my  thini 
membrane — has  otlen  been  deRcribed,  but  there  is  etdl  some  doubt 
about  its  exisU^nre.  In  some  cases  an  external  less  granular  layer  of 
the  ovum  itself  has  been  descrilierl  as  a  special  membrane.  In  the 
Penh  a  peculiar  mucous  capsule,  penetrated  by  irregular  branched 
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prolongations  of  the  follicle  cells,  is  present  in  addition  to  the  ordinary 
memhranes.  In  Petromyzon  a  zona  radiata  appears  to  be  present, 
which  in  the  adult  is  divided  into  two  layers,  both  of  them  radiately 
striated  according  to  Calberla,  but  according  to  Kupffer  and  Benecke 
the  outer  one  is  not  perforated,  and  would  appear  therefore  to  be  a 
vitelline  membrane  as  defined  above.  A  delicate  membrane  is 
formed  at  a  comparatively  late  period  around  the  ova  of  the 
Amphibia,  and  is  stated  (Waldeyer,  No.  6,  and  Kulessnikow)  to  have 
a  delicate  radial  striation.  It  probably  corresponds  with  the  zona 
radiata. 

In  Mammalia  a  radiately  striated  membrane — the  zona  radiata — 
is  generally  described  as  being  present,  and  internal  to  it,  in  the 
nearly  ripe  egg,  a  delicate  membrane  has  been  shewn  by  E.  van 
Beneden  to  exist.  Externally  to  the  zona  radiata  there  may  be 
observed  a  granular  membrane  irregular  on  its  outer  surface  on 
which  the  cells  of  the  discus  are  supported.  This  membrane  is  more 
or  less  distinctly  separated  from  the  zona  radiata;  and  by  tracing 
back  its  development  it  appears  very  probable  that  it  is  the  remnant 
of  the  first-formed  membrane  in  the  very  young  ovum,  and  therefore 
the  vitelline  membrane. 

A  micropyle  (first  discovered  by  Ransom,  No.  74)  is  present  in  a 
large  number  of  osseous  fish  and  in  Petromyzon  (Calberla).  Doubts 
have  been  thrown  on  its  existence  in  the  latter  form  by  Kupffer  and 
Benecke ;  and  at  any  rate  it  would  only  seem  to  perforate  the  zona 
radiata.  In  the  osseous  fish  in  which  it  has  been  detected,  Salmonida^, 
Percidae  (Gasterosteus),  Clupeida?,  etc.,  it  forms  a  minute  perforation 
of  the  zona  radiata  at  the  animal  pole,  just  large  enough  to  admit  a 
single  spermatozoon.  Its  characters  differ  slightly  in  different  cases, 
but  there  is  usually  a  shallow  depression,  in  the  centre  of  which  it  is 
situated. 

The  eggs  of  all  Craniata  (except  Petromyzon  (?))  appear  to  be 
enclosed  in  a  cellular  envelope  known  as  the  follicle.  The  cells  which 
form  this  are,  as  has  been  already  explained,  derived  from  the 
germinal  epithelium*,  and  frequently  arrange  themselves  around  the 
ovum  before  the  appearance  of  the  growths  of  stroma  into  the  epi- 
thelium. All  young  follicles  are  nearly  alike,  but  as  they  grow  older 
they  exhibit  various  modifications  in  the  different  groups.  They 
retain  their  simplest  condition  as  a  flat  epithelial  layer  in  most 
osseous  fish  and  Amphibia.  In  most  other  forms  the  cells  become 
at  some  period  colunmar,  and  are  generally  arranged  in  two  or  more 
layers.  There  is  formed  externally  to  the  epithelium  a  delicate 
membrane — the  membrana  propria  foUiculi — which  is  in  its  turn 
enclosed  in  a  vascular  connective  tissue  sheath. 

In  Elasmobranchii  and  many  Reptilia  (Lacertilia,  Ophidia)  some 
of  the   cells   become   much    larger  than  the  others,  and  assume  a 

'  For  the  different  viewR  maintained  by  Foulin,  Kolliker,  etc.  the  reader  is  referred 
to  the  writings  of  these  authors.  The  grounds  for  the  view  here  adopted  will  be  found  in 
my  paper  (No.  64). 
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fuimel-ahaped  form  with  the  narrow  end  in  contact  with  the  egg- 
membrane.  These  lai^e  cells,  which  have  a  regular  arrangement  in 
the  epithelium,  are  probably  in  some  way  connected  with  the  nutri- 
tion. They  have  only  been  noticed  in  large-yolked  ova.  Many 
observers  have  described  prolongations  of  the  follicle  cells  through 
the  pores  of  the  zona  nuliata  in  Avea,  Reptilia  and  Teleostei. 

The  most  remarkable  modification  of  the  follicle  ia  that  which  is 
found  in  Mammalia.  At  first  the  follicle  is  similar  to  that  of  other 
Vertebrata,  and  is  formed  of  flat  cells  derived  from  the  germinal  eella 
adjoluiug  the  ovum.  These  cells  next  become  columnar  and  then 
one  or  two  layers  deep.  Later  they  become  thicker  on  one  side  than 
on  the  other,  and  there  appears  in  the  thickened  mass  a  cavity,  which 
gradually  becomes  more  distended  and  is  filled  with  an  albuminous 
fluid.  As  the  cavity  enlarges,  the  ovum  with  several  layers  of  cells 
around  it  forms  a  prominence  projecting  into  it.  The  whole  structure 
.>with  ita  tunic  is  known  as  the  Graafian  follicle.  The  follicle  celts 
^  known  OS  the  memlirana  granulosa, and  the  projection,  in  which 
the  ovum  lies,  as  the  discus  or  cumulus  proligerus.  The  cells  of 
tlie  discus  in  immediate  contiguity  to  the  ovum  usually  form  a  more 
or  less  specialized  layer  and  are  somewhat  more  columnar  than  the 
adjoining  cells. 

The  Sper-matozoon, 

Although  there  is  no  doubt  that  the  spermatozoon  in  most 
instances  plays  as  important  a  part  as  the  ovum  in  influencing  the 
characters  of  the  organism  which  is  evolved  from  the  coalesced 
product  of  the  ovum  and  spermatozoon,  yet  the  actual  form  of  the 
spermatozoon  has  not,  like  the  form  of  the  ovum.asecondary  influence 
on  the  early  phases  of  development.  A  comparative  history  of  the 
spermatozoon  is  therefore  of  less  importance  for  my  purpose  than  that 
of  the  ovum ;  and  I  shall  confine  myself  lo  a  few  remarks  on  its 
general  structure,  and  mode  of  growth.  The  primary  origin  of  the 
male  germinal  cells,  and  their  relation  to  the  sperm-forming  cells, 
is  dealt  with  in  the  second  part  of  the  treatise. 

Although  the  minute  size  of  most  spermatozoa  places  great 
difficulties  in  the  way  of  a  satisfactory  investigation  of  them,  yet  there 
can  be  but  little  doubt  that  they  always  have  the  value  of  cells. 
In  the  vast  majority  of  instances  the  spennatic  cell  or  sperniatoznon 
is  composed  of  (1)  a  spherical  or  oval  portion  known  as  the  head, 
formed  of  a  nucleus  enveloped  in  an  extremely  delicate  layer  of 
protoplasm,  and  (2)  of  a  motile  protoplasmic  flagellum  known  as 
the  tail ;  which  together  with  the  mvesting  layer  of  the  head  forms 
the  body  i)f  the  cell. 

Ah  might  be  anticipated,  the  proportion,  size,  and  relations  of 
the  parts  of  the  spermatozoon  are  subject  to  great  variations.  The 
head  is  often  estremely  elongated ;  and  it  is  in  many  cases  rather 
on  theoretical  grounds,  than  as  a  result  of  actual  observation,  that 


THE  SPERMATOZOON.  53 

a  protoplasmic  layer  is  stated  to  be  continued  round  the  nucleus 
which  forms  the  main  constituent  of  the  head.  In  some  of  the  elongated 
forms  of  spermatozoa,  e.g.  in  Insecta,  there  is  no  marked  distinction, 
except  in  tlie  character  of  the  protoplasm,  between  the  head  and  the 
tail.  A  connecting  element  is  frequently  interposed  between  the  head 
and  tail,  which  appears  however  to  be  constituted  of  the  same  material 
as  the  tail,  and  sometimes  forms  a  thickening  on  the  tail  close  below 
the  head  (Amphioxus).  A  very  remarkable  modification  of  the  tail 
is  found  in  many  Amphibia,  Reptilia  and  Mammalia.  In  these 
types  there  is  attached  to  what  appears  to  be  a  normal  tail  a  delicate 
membrane,  the  outer  edge  of  which  is  thickened  to  form  a  kind 
of  secondary  filament.  In  the  living  spermatozoon  this  filament 
is  in  a  state  of  constant  movement.  The  membrane  winds  spirally 
round  the  tail. 

In  the  majority  of  forms  the  tail  of  the  living  spermatozoon  exhibits 
sinuous  cilia-Iike  movements.  In  two  groups  the  movements  are 
however  of  an  amoeboid  character.  These  groups  are  the  Nema- 
toda  and  the  Crustacea;  and  the  spermatozoa  in  both  of  them 
frequently  present  very  abnormal  forms.  In  Nematoda  they  are 
pear-shaped,  cylindrical,  spine-shaped,  etc.,  and  are  mainly  formed 
of  protoplasm  with  a  highly  refracting  nucleus.  In  the  Crustacea 
the  variations  of  form  are  still  greater.  In  the  Malacostraca  they 
are  sometimes  simply  spherical  (Squilla),  while  in  Astacus  and 
a  large  number  of  Decapoda  they  are  composed  of  a  nucleated 
body  with  stellate  rays.  In  Paludina  amongst  the  Mollusca  there 
are  two  forms  of  completely  developed  spermatozoa  existing  side 
by  side  in  the  same  individual. 

The  spermatozoa  are  formed  by  the  breaking  up  of  the  male 
germinal  cells,  or  of  cells  secondarily  derived  from  them  by  division. 
The  cells  which  directly  give  rise  by  division  to  the  spermatozoa  may 
be  called  spermospores  and  are  equivalent  to  the  ova  or  oospores. 

Amongst  the  Sponges  (Halisarca,  Schultze,  No.  141)  a  germinal 
cell,  similar  to  that  which  in  the  female  becomes  an  ovum,  repeatedly 
divides  and  eventually  gives  rise  to  a  ball  of  cells  (a  spermosphere 
or  sperm -morula),  each  constituent  cell  of  which  becomes  converted 
into  a  spermatozoon,  and  may  be  designated  by  the  special  term 
'spermoblast.* 

In  most  Hydrozoa  the  subepithelial  epiblastic  cells  become  con- 
verted into  germinal  cells  (spermospores),  and  then  break  up  to 
form  spermoblasts,  each  of  which  becomes  a  spermatozoon. 

In  most  higher  Metazoa  the  spermospores  usually  form  the 
epithelium  of  an  ampulla  or  tube,  though  more  rarely  (many 
Chaetopoda,  Gephyrea,  etc.)  they  may  be  derived  from  cells  lining 
the  body-cavity,  as  in  the  case  of  ova.  The  spermatozoa  are 
formed  either  by  the  direct  division  of  the  spermospores  into  a 
number  of  cells,  spermoblasts,  each  of  which  grows  into  a  sperma- 
tozoon ;  or  by  the  nucleus  of  the  spermospore  becoming  subdivided 
within  the  cell  body,  the  latter  differentiating  itself  into  the  tails 
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of  the  spermatozoa  while  the  segments  of  the  nucleus  give  rise 
to  the  main  part  of  the  heads. 

In  many  ioHtances  interstitial  cells  which  do  not  give  rise  to  si)em)atozoa, 
arc  intenninghnl  with  the  si)ermospore8. 

In  a  good  many  cases,  as  tirst  pointed  out  hy  Bloomfield*,  the  whole  of 
each  8pennosi)ore  doos  not  hitcome  converted  into  s|)ermatozoa,  hut  |>»rt, 
either  with  or  without  a  segment  of  the  original  nucleus,  remains  passive, 
and  carrying  as  it  does  the  off-budded  s|>emiob]asts  may  be  calleil  the 
'sporm-blastophor.'  This  jNissivo  portion  of  protoplasm  is  not  employed 
in  the  regeneration  of  the  8]>eruioblast.  This  very  singular  phenomenon 
has  l)een  observed  in  Elasmobranchii,  the  Frog,  the  Earthworm,  Htjlix,  etc.*, 
and  probiibly  has  a  much  wider  extension.  In  Elasmobranchii  (Sem|>er) 
the  ]>asHive  )>ortions  of  protoplasm  are  nucleated,  and  are  placed  on  the 
outer  side  of  the  columnar  spermospores  which  line  the  testicular  ampuihe  ; 
they  are  not  distinctly  differentiated  till  the  nuclei,  segmenteil  from  the 
nucleus  of  the  ])rimitive  spcrmospore  to  form  the  heads  of  the  si)ermatozoa, 
have  bec<mie  fkirly  numerous.  In  the  Frog  the  passive  blastophor  also 
occurs  as  a  nucleated  mass  of  ])rotoplasm  on  the  outer  side  of  the  s|>ermo- 
spore.  In  the  Eailhworm  the  blastophor  fonns  a  central  non-nucleated 
portion  of  the  spennospore ;  and  the  whole  periphery  of  each  spcrmospoi'o 
becomes  converted  into  sperinoblasta. 

It  has  been  already  stated  in  the  introduction  that  the  male  and 
female  generative  products  are  homodynamous,  but  the  consideration 
of  the  development  of  tho  products  in  the  two  sexes  shows  that  a 
single  spermatozoon  is  not  ecpiivaleut  to  an  ovum,  but  rather  Vuit  the 
whole  of  the  spermatozoa  derived  from  a  spermospore  are  together 
equivalent  to  one  ovum. 

*  Quart.  Joum.  of  Micro.  Sciencf,  Vol.  xx.  1880. 

*  Ulfjonitifld,  htc.  cit.,  p.  H3  Htatea  that  he  hafl  observod  thig  fact  in  Lumbricus, 
Tubifer,  Hirudo,  Hvlix,  ArioDf  Palndina,  liana,  Salainandro,  and  Mub. 


CHAPTER  11. 


THE  MATURATION  AND  IMPREGNATION  OF  THE  OVUM. 


Maturation  of  the  ovum  aiid  formation  of  the  polar  bixlies. 

In  the  preceding  chapter  the  changes  in  the  ovum  were  descnbeti 
nearly  up  to  the  period  when  it  became  npe  and  ready  to  be 
impregnated.  Preparatory  to  the  act  of  impregnation  there  take 
place  however  a  series  of  remarkable  changes,  whiJi  more  (.specially 
[1  the  germinal  vesicle. 


The  attention  of  a  laT:ge  number  of  inveBtigators  has  recently  boon 
directed  to  these  cfannges  as  well  as  to  the  phenomena  of  imprognatmn      The 
results  of  tlieir  investigations  will  be  described  la  the  present  chapter,  but 
for  an  hisitoricaJ  account  of  these  in- 
vestigations, as  well  as  for  a  deter- 
mination of  the  delicate  questions 
of  priority,  the  reader  is  referred  to 
Foi's  memoir  (No.  87),  and  to  a 
paper  by  the  author  (No.  81) 

The  nature  of  the  changes 
which  take  place  in  the  matura 
tion  of  the  ovum  m.iy  perhaps 
be  most  conveniently  diipKjed 
by  following  the  history  of  a  sin 
gle  ovum.  For  this  purpose  the 
eggs  of  Asterias  glacialis  which 
have  recently  formed  the  subjcit 
of  a  series  of  beautiful  rcsearLhcs 
by  Fol  (87),  may  be  selected. 

The  ripe  ovum  (fig.  22),  when 
detached  from  the  ovary,  is  form- 
ed of  a  granular  vitcllus  enve- 
loped in  a  mucilaginous  coat,  the 
zona  radiala    It  contains  an  cecentricallv  situatcfl  k«  nninal  vciclc  and 
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a  gGmiinal  sput.  In  tlie  furmor  it)  present  the  usual  protoplasmic 
reticulum.  As  soon  as  the  ovum  reaches  the  sea-water  the  germinal 
vesicle  cummeiices  to  tmdei^o  a  peculiar  mc-tumoq>hosis.  It  exhibits 
fretjueiit   chaiigfi.i  of  form,   th«   reticulum  vanishes,  its  mcmbratic 


Flu.  23      Tn     HI   (.riwiTr 
i.AU>  (vupi«d  fruQi  iiA). 
becomes   gradually   absorbed    its   outline   lutlentcd   otid   indistinct 
and  filially  its  contents  become  to  a  certain  extent  coufouuded  uitb 
tke\it«.llus(fig  S3) 

Ihe  germinal  spot  at  the  same  time  loses  its  clearness  of  outline 
and  gradually  disappears  from  vrw. 

At  this  stage,  and  between  it  and  the  st(^  represented  in  tig.  2G, 
the  action  of  rt;ugcuts  brings  to  light  certain  appearances  the  nature 
of  wliicli  is  not  vet  fully  cleared  up  for  Asteiias,  which  have  been 
described  soinunhat  diilerently  by  Fol  forAst.  glacialis  and  Hertwig 
for  Astcracauthion. 

Ful  tiuds  inimediatelyafter  the  stage  just  descril>ed  that  a  star  is  visible 
between  the  retuaioB  of  the  geruiiiiitl  vutiiele  and  the  sur&ce  of  the  e;;g, 
which  is  ooune<:t«d  with  an  Jiiiperfcetly- funned  nuclear  spindle  exteniliiig 
towunlH  the  germinal  vesiule'.  At  tlie  end  of  the  nuclear  spindle  may  be 
xeen  the  bniken  up  frtgnivnts  of  tbe  genninal  spot. 

At  a  Hliijtilly  later  stag)!,  in  the  place  of  the  original  germinal  vesicle 
there  may  be  nbscrved  in  tbe  freHli  ovum  two  clear  BpaccH  (tij,'.  'H),  one 
ovoid  and  nearer  the  surface,  and  the 
Mvond  niure  irregular  in  furiu  niid  situ- 
ated rather  dee[>er  in  tbe  vitulhis.  In 
tha  upper  space  parallel  Ktriw  may  be 
olMervetL  By  treatment  with  rcagentii 
the  first  clear  tipace  is  found  to  be 
formed  of  a  horiEOntally-jiliice<l  Hjiinille 
with  two  t«niiiual  staiB,  near  whidi 
irn'gtdar  remains  of  the  gcrniinal  H|Nit 
may  be  sceu.  Slightly  Uter  (tig.  1'5) 
there  may  lie  seen  on  the  luwer  side  of  the 
H{iini|le  a  somewhat  irregular  Inn ty,  which  may  jiossibly  be  part  of  tlii^  n-iiiains 
of  the  germinal  H[H>t,  thougli  Ftil  holds  that  it  is  probably  juirt  of  the  mem- 
brane of  the  gi'fininal  vesicle.     The  lower  dear  space  viiiiblt:  in  tlx'  frcMh 

'  By  the  lerai  'nualmr  (i]iiiullu'  I  nh'T  to  tlic  )iociiliar  form  of  a  douUi-  Ktrisln)  «one 
awiaut.'d  l>y  llif  niiclvax  jiiiit  before  iliviiu»n.  whiih  jh  no  dunlit  familiar  In  all  my 
Tnuipm.  I  uw  till-  li'm  rXia  fur  tliu  )<n:iiliiiT  utrllato  tixurc  UHuallj  viaililv  nt  llm  |H>lr<i 
■if  Iht  nui'li'Hr  i-iuoillc.  Vta  ■  furtlivr  dttH-nplion  of  Ihoe  |>aTtH  t)ie  render  ik  n.'fi'rrrit 
lu  Cliaptcr  IT. 
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ovum  now  contains  a  round  imdy,  Hg.  25.    Fol  concludes  tliat  the  spiiidle  u 
formed   out  of  |>art  of  the  germinal 
vesicle  and  not  from  the  germinal  spot, 
vLile  ho  sees  in  the  round  body  pre- 
atmt  in    the   lower  of  the  two  clear 

I  spaces  thu  metamorphosed  germinai 
Bpot,  liu  will  not,  however,  assert 
that  no  fi-agment  of  the  germiniU  spot 
Altars  into  the  formatiou  of  the  spin- 

I    die. 

The  following  ia  HeHw-ig's  (No. 
9^)  account  of  the  changts  in  the 
germinal  yeaicle  iu  Ai>teracnnthion. 
Shortly  after  the  egg  is  laid  the  pioto- 
plaBmontheside  of  the  germinal  veaicle 
towards  the  surface  of  the  egg  develops 

»  prominence  which  pressed  inwards  the  wall  of  the  vesicle.  At  the  samo 
time  the  germinal  spot  develops  a  large  vacuule,  in  the  interior  of  which  ia  a 
body  oouaisting  of  nuclear  Hubstajice,  and  formed  uf  a  lirmer  and  more  refrac- 
tive material  than  the  remainder  of  the  germinal  spot.  In  the  [troniinence 
first  mentioned  as  pi-ojecting  inwards  towards  the  germinal  vesicle  first 
one  star,  formed  by  ratlial  striie  of  protoplaNm,  and  then  a  second  make  their 
appearance;  while  the  germiuol  spot  appears  to  have  vanished,  the  outline 
lit  tlie  germinal  vesicle  to  have  become  indistinct,  and  its  contentii  to  have 
mingled  with  the  surrounding  protoplasm.  Treatment  with  reagents  demon- 
i^tes  that  in  the  process  of  disappearance  of  the  germinal  spot  the  nuclear 
mase  in  its  vacuole  forma  a  rod-like  hody,  the  free  end  of  which  is  situated 
betweeo  the  two  stars  which  occupy  the  prominence  indenting  the  germinal 
vesicle.  At  a  later  period  granules  may  bo  sfcn  at  the  end  of  the  rod  and 
tinalty  the  rod  itself  vanishes.  After  these  changes  by  the  aid  of  reagents 
there  may  be  demonstrated  a  spimlle  l>etween  the  two  stars,  which 
Hertwig  believes  to  grow  in  size  as  the  Inst  remnants  of  the  gr>rminal  s]>ot 
gradually  vanish,  and  he  maintHtns  that  the  spindle  ia  formed  at  the  ux- 
jiense  of  the  germinal  spot.  The  stage  with  tUs  t>pindle  corresponds  with 
%25. 

Several  of  Hertwig's  figures  closely  oorrospond  witli  those  of  Fol,  and 
eonsideiing  how  conflicting  is  the  evidence  before  us,  it  seems  necessary 
to  leave  open  for  Ast«na3  the  question  as  to  what  ports  of  the  germinal 
yeaicle  are  concerned  in  forming  the  first  spindle. 


A  clearor  view  nf  the  phenomena  which  tulce  place  at  this  stage  has 
iKen  obtaiaed  by  Fol  in  the  case  of  Heteropods  (Pterotrachita).  In 
^ti^6  ovam  a  few  minutes  after  it  has  been  laid  the  germinal  vesicle 
ibeoomea  very  pale,  and  two  stars  make  their  appearance  round  a 
'dear  substance  near  its  poles.  The  nucleus  itself  ia  soroewbat 
elongated,  and  commences  to  exliibit  at  its  poles  longitudinal  strije, 
which  gradually  extend  towards  the  centre  at  the  expense  of  the 
nuclear  reticulum,  from  a  metamorphosis  of  which  they  are  directly 
dsrived.  When  the  stria)  of  the  two  sides  have  nearly  met,  thicken- 
5a  may  be  observed  in  the  reticulum  between  them,  which  give  rise, 
lere  the  striee  of  the  two  aides  unite,  to  the   central  thickenings 
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of  the  (ibrGs  fnuclear  plate).     la  this  way  a  complete  nuclear  spindle 
IB  est&blislied*. 

Tlie  important  result  of  Fol'a  observations  on  Heteropods, 
which  tallies  also  with  what  is  found  in  Asterias,  is  that  a  spindle 
with  two  stars  at  its  poles  is  formed  from  the  metamorphosis  of 
the  germinal  vesicle  and  surrounding  protoplasm  (fig.  25). 

^^>,  Polar  obIIb.    The  spindle  has  up  to  this 

__-S'>i_____  time  been  situated  with  its  axis  parallel  to 

^V^:         i' '  \'>i  the  surface  of  the  e^,  but  in  somewhat  older 

specimens  a  vertical  spindle  is  found,  with  one 

end  projecting  into  a  protoplasmic  prominence 

which  makes  its  appearance  on  the  surface  of 

the  egg  (fig.  26).     Hertwig  believes  that  the 

spindle  simply  travels  towards  the  surface, 

and   while   doing   so   changes  the  direction 

of  its  axis.     Fol  asserts,  however,  that  this 

is  not  the  case,  but  that  between  the  two 

phases  of  the  spindle  an  intermediate  one 

IS  fuund  in  which  a  spindle  can  no  longer 

be  seen  in  the  egg,  but  its  place  is  taken 

by  a  body  with  a  dcntated  outline.     He  has 

not  been  able  to  arrive  at  a  conclusion  as 

to  what  meaning  is  to  be  attached  to  this  occurrence,  which  does  not 

appear  to  take  i>lace  in  Heteropods. 

In  any  case  the  spindle  which 
projects  into  the  pntminence  on  tbe 
surface  of  the  egg  divides  into  two 
parts,  one  in  the  prominence  and  one 
m  the  egg  (fig,  20).  The  prominence 
itself  with  ttic  enclosed  portion  of  the 
spindle  becomes  constricted  oflf  from 
the  egg  to  form  a  btxly,  well  known  to 
.   .  embryologists  as  the   polar  body  or 

cell  (fig.  27).  Since  more  than  one  polar  cell  is  formed,  that  wbich 
is  the  earliest  to  appear  may  be  called 
the  first  polar  cell. 

The  part  of  the  spindle  which  remtuns 
in  the  egg  becomes  directly  converted  into 
a  second  spiudle  by  the  elongation  of  its 
fibres,  without  passing  through  a  typical 
nuclear  condition.  A  sccoud  polar  cell 
next  becomes  formed  in  the  same  manner 
n«  the  first  (fig.  2S),  and  the  portion  of 
the  spindle  remaining  in  the  egg  becomes 
ciuivertetl  into  two  or  three  clear  vesicles 
(fig.  29),  which  soon  unite  to  fonn  a 
single  nucleus  {fig.  30).  The  new  nucleus 
>r  tbe  further  dctailH  ou  the  nucleu'  spindle  ridf  the  ucit  Chaptei. 
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which  is  clearly  derived  from  part  of  tlie  original  germinal  vesicle  is  call- 
ed the  female  pronucleus,  for  reasons  which  will  appear  in  the  sequel. 

The  two  polar  cells  appear  to  be  situated  _^ 

between  two  membranes,  the  outer  of  which  ^__^  r/ij.'S.^ 

is  very  delicate,  and  only  distinct  where  it      ^f^C"^     '  r"^~r~-  -^ 
covers  the  polar  cells,  while  the  inner  one  is      ^.:'-.-         -  /\ 
thicker  and  becomes,  after  impregnation,  more       "V  .       VJ/  ■ 

distinct,  and  then  forms  what  Fol  speaks  of        "r :■■■': ■''■^'■\-^- ^"-'^■i 
as  the  vitelline  membrane.     It  is  clear,  as  .■.■■•:'};■'':.■.■:-, ^'e-.v-ii^S 

Hertwig  has  pointed  out,  that  the  polar  bodies  j., 

originate  by  a  regular  process  of  cell-division      ovdb 
and  have  the  value  of  cells.  kmv 


» 


A  peculinr  pbenomcnon  makes  its  appearance 
in  the  egge  of  Clepsine  shortly  after  the  formation 
of  the  polar  colls,  which  has  been  spoken  of  by 
Whitman  (No.  loo)  aa  the  formation  of  the  polar 
rings.  The  following  is  his  description  of  the 
Docurrenott. 

"  FiflecQ  minutes  after  the  elimination  of  the  polar  globules  {i.e.  cella)  a 
ring-like  depression  or  constriction  appears  in  the  yolk  aiiiund  the  oral  poI«, 
and  in  this  depression  a  transparent  liquid  substance  (nuclear  1)  is  collected 
forming  the  first  polar  ring.. ..The   same   phenomena   repent   themselves 

later  at  the  aboral  pole.. ..The  rings  concentrate  to  form  two  discs Before 

the  first  cleavage  both  discs  plunge  deep  into  the  egg." 

The  natnre  of  these  rings  is  at  present  quite  ot>scure. 

Considering  how  few  ova  have 
been  adequately  investigated  with 
reference  to  the  behaviour  of  the 
germinal  vesicle,  any  general  conclu- 
sions which  may  at  present  be  formed 
are  to  be  regarded  as  provisional. 

There  is  however  abundant  evi- 
dence that  at  the  time  of  maturation 
of  the  egg  the  germinal  vesicle  under- 
goes peculiar  changes,  which  are,  in 
part  at  least,  of  a  retrogressive  charac- 
ter. These  changes  may  begin  con- 
siderably before  the  egg  has  reached 
the  period  of  maturity,  or  may  not  take 
place  till  after  it  has  been  laid.  They 
consist  in  an  appearance  of  irregulari  ty 
and  obscurity  in  the  outline  of  the 
germinal  vesicle,  the  absorption  of  its 
membrane,  the   partial   absorptioi 

disappearance  of  the  reticulum,  and  the  breaking  up  and  disappearance 
of  the  germinal  spot.  The  exact  fate  of  the  smglo  germinal  spot,  or 
the  numerous  spots  where  they  are  present,  is  still  o&cure. 

The  retrogressive  metamorphosis  of  the  germinal  vesicle  is  followed 
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in  a  large  number  of  instauccd  by  the  conversioD  of  what  remains  into 
a  striated  spindle  Bimilar  iu  character  U>  a  nucleus  previous  to  (livision. 
This  spindle  travels  to  the  surface  of  the  ovum  and  undergoes  division 
to  furin  the  polar  cell  or  cells  in  the  manner  above  described.  The 
part  which  remains  in  the  egg  forms  eventually  ihe  female  prunucleus. 
The  germinal  vesicle  has  up  to  the  present  time  only  been  ob- 
served to  undergo  the  above  series  of  changes  in  a  certain  number  of 
instances,  which,  however,  include  examploH  from  several  divisions  of 
the  CtBlenterafa,  the  Echinuderniata,  and  the  Mollusca.  some  of  the 
Vermes  [Turbellariims  (Leptopluiia),  Nematudes,  HiruiUnea,  Alciope, 
Sagitla],  Ascidiaus,  etc.  It  is  very  jKissible,  not  to  say  probable, 
that  such  changes  are  universal  in  the  animal  kingdom,  but  the 
present  state  of  our  knowledge  does  not  justify  us  in  saying  so. 

In  the  Craniata  especially  our  knowledge  of  the  foimation  of  the  jiolar 
txidiefi  IB  very  uuHutistaeUiry.  In  Prtroiuyzon  KupSer  ontl  Benecke  have 
brought  fiirwHi-d  evideiicu  to  shew  tliat  one  )x>lar  liody  is  formed  prior  to 
the  iitijiregnution,  and  a  aecond  in  ccmnecliun  with  a  peculiar  pi-oniluence 
of  protojiWiu  after  iiupregnutioii.  Fart  of  tlie  genuiual  vesicle  reiuaioa  in 
thb  egf  as  the  female  pronuclt'UB.  In  the  Sturgeou  the  gentiitial  vesicle 
utropfaies  and  breuka  up  before  iiupregoation,  and  nft«rwHi'd>t  part  is  found 
an  a  granular  luaas  ou  the  surface  of  the  egg,  while  part  forms  a  female 
proDucleuB. 

Iti  Amphibia  the  observations  of  Hertwig(9o)and6ambeke(77)  tend  to 
shew  that  after  the  germinal  vesicle  lias  nsiiaaied  a  superficial  sitnation  at 
Uiu  pignienUnl  pole  of  the  ovum  ita  conteiito  bei-ouie  iuiemiiiigled  with  the 
yolk,  aud  are  iu  part  extruded  from  the  ovum  as  u  granular  ujaaa  afti^r 
ilnpreguatiou.  Part  of  them  remains  in  the  <iviim  and  foruiB  a  female 
{>ronuuleu8.  Whether  there  is  a  pro{Mr  division  of  the  germiiud  vesicle 
as  in  typical  oises  is  not  known. 

Uellacher(95)  by  a  series  of  careful  observations  upon  the  egg  of  the  trout, 
and  siibso'iueiitly  of  the  bird,  demonstrated  that  in  the  ovum  while  htill  in 
the  ox-ary,  iha  germinal  vusicle  underwent  a  kind  of  degeneration  and 
eventually  became  ejected,  in  jwrt  at  any  rate.  My  own  ulnierrAtions  on 
ElaaiU'ibraiichs,  which  reijuire  onUrgement  aud  continuation,  tend  to  shew 
that  this  jHirt  may  be  the  luenibraiie.  Ed.  van  Beiieden  (78)  has  contributed 
■uuie  iuipurtant  observatioun  on  the  rabbit.  His  necount  is  as  follows.  As 
the  ovum  approaches  maturity  the  germinal  vesicle  assumes  an  eccentric 
[HMition,  and  fuses  with  the  ])eriphcml  layer  of  tlio  egg  to  eonstitulo  the 
ficntricui'ir  Imu.  The  germinal  B|M>t  next  travels  to  the  surface  of  the 
cicatricular  lens  and  Totms  the  nuirlear  ili»i^:  at  the  sume  time  the  membrane 
of  the  geiininal  vesicle  vauishes,  though  it  probably  unites  with  the  nuclear 
iliau.  The  plasma  of  the  uudeus  theu  collects  into  a  doQoite  msss  and  forma 
the  DUolooplasmic  Ifody.  Finally  the  nuclear  disc  assumes  au  ellipsoidal 
form  and  bectimes  the  nuclear  boily.  Nothing  is  now  lel't  of  the  original 
germinal  voiiclc  but  tlie  nuclear  body  and  the  nucleoplnamic  body,  both  still 
kiluuted  within  the  ovum.  Iu  the  next  stage  no  trace  of  the  germinal 
vesicle  can  be  detected  in  ttie  uvuni,  but  outside  it,  close  to  the  jMiint  where 
tho  moditied  remnants  of  the  vesicle  were  previously  aitunti'd,  there 
ia  prevent  a  [Hilar  luxly  whieh  is  composed  of  two  parts,  one  of  which  stains 
deeply  and  resembles  the  uuclcor  hodv,  and  the  oihcr  di>es  not  stain  hut  is 
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similar  to  the  nucleoplasm ic  body.  Van  Beneden  concludes  tbat  the  jmrts  of 
the  polar  body  are  the  two  ejected  products  of  the  germinal  vesicle.  We  may 
be  perhaps  permitted  to  hold  that  further  observations  on  this  difficult  object 
will  demonstrate  that  ])art  of  the  germinal  vesicle  remains  in  tlie  ovum  to 
form  the  female  pronucleus. 

With  reference  to  invertebrate  forms  attention  may  be  called  to  the 
obseinrations  of  Btitschli  (80).  Although  in  Cucullanus  a  normal  formation 
of  the  polar  bodies  takes  place,  yet  in  the  Nematodes  generally,  Butschli  has 
been  unable  to  find  the  spindle  modification  of  the  germinal  vesicle,  but 
states  that  the  germinal  vesicle  undergoes  degeneration,  its  outline  be- 
coming indistinct  and  the  germinal  spot  vanisliing.  The  position  of 
the  germinal  vesicle  continues  to  be  marked  by  a  clear  Sf»ace,  which 
gradually  approaches  the  surface  of  the  ^^^,  When  it  is  in  contact  with 
the  surface  a  small  spherical  body,  the  remnant  of  the  germinal  vesicle,  comes 
into  view,  and  eventually  becomes  ejected.  The  clear  space  subsequently 
disappears. 

In  addition  to  the  types  just  quoted,  which  may  very  probably  turn 
out  to  be  normal  in  the  mode  of  formation  of  the  polar  bodies,  there  is 
a  large  number  of  types,  including  the  whole  of  the  Rotifera  and 
Arthropoda,  with  a  few  doubtful  exceptions*,  in  which  the  polar  cells 
cannot  as  yet  be  said  to  have  been  satisfactorily  observed. 

The  more  important  of  the  doubtful  cases  amongst  the  Rotifera  and  Ar- 
thropoda  are  the  following. 

Fleinming  (83)  finds  that  in  the  summer  and  probably  parthenogenetic 
eggs  of  Lacinfilaria  socialis  the  germinal  vesicle  approaches  the  surface 
and  becomes  invisible,  and  that  subsequently  a  slight  indentation  in 
the  outline  of  the  egg  markM  the  point  of  its  disappearance.  In  the  hollow 
of  the  indentation  Flemming  believes  a  polar  cell  to  be  situated,  though  he 
has  not  definitely  seen  one. 

Hoek*  l)elieves  that  he  has  found  a  polar  body  in  the  ovum  of  Baianus 
balanoides,  but  his  observations  are  not  perfectly  satisfactory. 

Butschli,  who  has  expressly  searched  for  the  polar  bodies  in  the  ova  of 
Rotifera,  was  unable  to  find  any  trace  of  them,  though  he  found  that  as  the 
egg  became  ripe  the  germinal  vesicle  became  half  its  original  size.  In  the 
parthenogenetic  eggs  of  Aphis  he  also  failed  to  find  a  trace  of  polar  bodies, 
though  the  germinal  vesicle,  after  the  germinal  spot  had  broken  up  into 
fragments,  approached  the  surface  and  disappeared. 

Whatever  may  be  the  eventual  result  of  more  extended  investiga- 
tion, it  is  clear  that  the  formation  of  polar  cells  according  to  the  type 
described  above  is  a  very  constant  occurrence.  Its  importance  is 
increased  by  the  discovery   by   Strasburger  of  the  existence  of  an 

^  The  best  instance  of  what  appears  like  a  polar  cell  in  Arthropoda  is  a  body  recently 
found  by  Grobben  ('*  Entwicklongsgescbichte  d.  Moina  rectirostris.'*  CI&vls*  Arbeiten, 
Vol.  II.,  Wien,  1879)  near  Uie  surface  of  the  protoplasm  at  the  animal  pole  of  the  summer 
and  parthenogenetic  eggs  of  Moina  rectirostriSf  one  of  the  Cladoc^ra.  The  body  stains 
deeply  with  carmine,  but  differs  from  normal  polar  ceUs  in  not  being  separated  from 
the  ovum ;  and  its  identification  as  a  polar  cell  most  remain  doubtful  till  it  has  been 
shewn  to  originate  from  the  germinal  vesicle. 

'  "  Zur  Entwicklong  d.  Entomostraken.'*  Niederlandischer  Arehiv.f.  Zoologie,  voU 
III.  p.  62. 
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analogous  process  amongst  plants.  Two  questions  aI)out  it  obviously 
present  theniselves  for  solution :  (1)  What  are  the  conditions  of  its 
occurrence  with  reference  to  impregnation?  (2)  What  meaning  has 
it  in  the  development  of  the  ovum  or  the  embryo  ? 

The  answer  to  the  first  of  these  questions  is  not  difficult  to  find. 
The  formation  of  the  polar  bodies  is  independent  of  impregnation, 
and  is  the  final  act  of  the  normal  growth  of  the  ovum.  In  a  few 
types  the  polar  cells  are  formed  while  the  ovum  is  still  in  the  ovary, 
as,  for  instance,  in  some  8|)ecies  of  Echini,  Hydra,  etc.,  but,  acconling 
to  our  present  knowledge,  far  more  usually  Jifter  the  ovum  has  been 
Liid.  In  some  instances  the  budding-off  of  the  polar  cells  precedes, 
and  in  other  iiLstimces  follows  impregnation  ;  but  there  is  no  evidence 
to  shew  that  in  the  latter  cases  the  process  is  influenced  by  the  contact 
with  the  male  element.  In  Asterias,  as  has  been  shewn  by  O. 
Hertwig  and  Fol,  the  formation  of  the  polar  cells  may  indifferently 
either  precede  or  follow  impregnation — a  fact  which  affords  a  clear 
demonstnition  of  the  inde|)endence  (»f  the  two  occurrences. 

To  the  second  of  the  two  que.stions  it  does  not  unfortunately 
seem  p<xssible  at  present  to  give  an  answer  which  can  be  regarded  as 
satisfiictory. 

The  retrogressive  changes  in  the  membrane  of  the  germinal  vesicle 
which  usher  in  the  formation  of  the  polar  bodies  may  very  probably 
be  viewed  as  a  prelude  to  a  renewetl  activity  of  the  contents  of  the 
vesicle;  and  are  perhaps  rendered  the  more  necessary  from  the  thick- 
ness of  the  membrane  which  results  from  a  protracted  period  of  pjussive 
growth.  Tliis  suggestion  does  not,  however,  help  us  to  explain  the 
fonnation  of  polar  bodies  by  a  jjhkcss  identical  with  cell-division. 
The  ejection  of  part  of  the  germinal  vesicle  in  the  formation  of  the 
p)Iar  cells  may  probably  be  pjiniUeled  by  the  ejection  of  part 
or  the  whole  of  the  origin; J  nucleus  which,  if  we  may  tnist  the 
beautiful  researches  of  BUtschli,  takes  place  during  conjugation 
in  Infusoria  as  a  preliminary  to  the  formaticm  of  a  fresh  nu(rleus. 
This  comparison  is  due  to  Biitschli,  and  according  to  it  the  formation 
of  the  jMilar  bodies  would  liave  to  be  regarded  as  tissisting,  in  some  as 
vet  unknown  way,  the  pnicess  of  regeneration  of  the  germinal  vesicle. 
Views  analogous  tf)  this  are  held  by  Strasburger  and  Hertwig,  who 
regard  the  fonnation  of  the  polar  bo<lies  in  the  light  of  a  process  of 
excretion  or  removjJ  of  useless  material.  Such  hypotheses  do  not, 
unfortunately,  carry  us  very  far. 

I  wouhl  suggest  that  in  the  formation  of  the  polar  cells  partof  the 
constituents  of  the  genninal  vesicle,  which  are  re<|uisite  for  its 
functions  as  a  com]ilete  and  independent  nucleus,  is  removed,  to 
make  ro«)m  for  the  supply  of  the  necessiiry  ]»arts  to  it  again  by  the 
siK»rmatic  nucleus. 

My  view  amounts  to  the  f<»llowing,  viz.  that  after  the  fonnation  of 
the  i)«»lar  crlls  the  remainder  of  the  germinal  vesicle  within  the  (»vum 
(the  fc*niali!  ])ronucleus)  is  incapable  of  further  development  without 
the  addition  of  the  nuclear  |Kirt  of  the  male  element  (N]RTmatoz(M)n), 
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and  that  if  polar  cells  were  not  formed  parthenogenesis  might 
normally  occur.  A  strong  support  for  this  hypothesis  would  be 
afforded  were  it  to  be  definitely  established  that  a  polar  body  is  not 
formed  in  the  Arthropoda  and  Rotifera  ;  since  the  normal  occurrence 
of  parthenogenesis  is  confined  to  these  two  groups.  It  is  certainly  a 
remarkable  coincidence  that  they  are  the  only  two  groups  in  which 
polar  bodies  have  not  so  far  been  satisfactorily  observed. 

It  is  perhaps  possible  that  the  part  removed  in  the  formation  of  the 
polar  cells  is  not  absolutely  essential ;  and  tliis  seems  at  first  sight  to  follow 
from  the  fact  of  parthenogenetds  bein^  possible  iu  instances  where  impi*eg- 
nation  is  the  normal  occurrence.  The  genuineness  of  the  observations 
on  this  head  is  too  long  a  subject  to  enter  into  here\  but  after  adoiitting, 
as  we  probably  must,  that  there  are  genuine  cases  of  such  ])arthenogene8i8, 
it  cannot  be  taken  for  granted  without  more  extended  observation  that  the 
occurrence  of  development  in  these  rare  instances  may  not  be  due  to  the 
polar  cells  not  having  been  formed  as  usual,  and  that  when  the  polar  cells 
are  formed  the  development  without  impregnation  is  im]X)ssible. 

Selenka  found  in  the  case  of  Purpura  lapUlvs  that  no  polar  body  was 
formed  in  the  e^^  which  did  not  develope,  but  in  the  case  of  Neritina, 
Biitschli  has  found  that  this  does  not  hold  good. 

The  remarkable  observations  of  Greeff  (No.  88)  on  the  parthenogenetic 
development  of  the  eggs  of  AaterUu  rubena  tell,  however,  very  strongly 
against  the  above  hypothesis.  Greeff  has  found  that  under  normal 
circumstances  tlie  eggs  of  this  species  of  starfish  will  develope  without 
impregnation  in  simple  sea- water.  The  development  is  quite  regular  and 
normal,  though  much  slower  than  in  the  case  of  impregnated  eggs.  It  is 
not  definitely  stated  that  polar  cells  are  formed,  but  there  can  be  no  doubt 
that  this  is  implied.  Greeff's  account  is  so  precise  and  circumstantial  that 
it  is  not  easy  to  believe  that  any  error  can  have  crept  in;  but  neither 
Hertwig  nor  Fol  have  been  able  to  rei)eat  his  experiments,  and  we  may  be 
permitted  to  wait  for  further  confirmation  before  absolutely  accepting  them. 

To  the  suggestion  already  made  witli  reference  to  the  function  of  the 
polar  cells,  I  will  venture  to  add  the  further  one,  t^uit  the  /unction  of 
forming  polar  cells  has  been  acquired  by  the  ov^um  for  the  express  purpose  of 
preven  ting  jxirt/ienogenpsis. 

The  explanation  given  by  Mr  Darwin  of  the  evil  effects  of  self-fertiliza- 
tion, viz.  the  want  of  sufficient  differentiation  in  the  sexual  elements', 
would  apply  with  far  greater  force  to  cases  of  parthenogenesis. 

In  the  production  of  fresh  individuals,  two  circuiustiinces  are  obviously 
favourable  to  the  species.  (1)  That  the  maximum  number  possible  of  fresh 
individuals  should  be  produced,  (2)    That  the  iudividuals  should   be*  as 

'  The  instances  quoted  by  Siebold,  Parthenogenesis  d,  Arthropod^n,  are  not  quite 
RatiHfactory.  In  Hensen's  case,  p.  234,  impref^nation  would  have  been  possible  if  we  can 
suppose  the  spermatozoa  to  be  capable  of  passing  into  the  body -cavity  through  the  open 
cud  of  tlie  uninjured  oviduct ;  and  though  Oellacher*s  instances  are  more  valuable,  yet 
sufiicieut  care  seems  hardly  to  have  been  taken,  especially  when  it  is  not  certain  for 
what  length  of  time  spermatozoa  may  be  able  to  live  in  the  oviduct.  For  Oellacher'n 
precautions,  vide  Zeit.  fiir  Wiss.  Zool.^  Bd.  xxii.,  p.  202.  A  better  instance  \r  that  of  a 
sow  given  by  Bischofif,  Ann.  Sri.  Nat.  series  3,  vol.  ii.,  1844.  The  unimpregiiated 
eggs  were  found  divided  into  segments,  but  the  segments  did  not  contain  the  usual 
nucleus,  and  were  perhaps  nothing  else  than  the  ports  of  an  ovum  in  a  state  of  disruption. 

'-'  Darwin,  Cross-  and  Self- Fertilization  of  Plants^  p.  443. 
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vigorous  aa  pORsihlc.  Sexual  difierentiation  (evei 
i§  cleftrljr  very  inimioal  to  the  production  of  the  i 
individuals.  There  can  be  little  dniiU  that  the  oturi  is  i>otentiut]y  capable 
of  developing  by  iUtlf  into  a  fresh  individual,  and  thoreforp,  unJe-sa  (An 
abnence  of  flexual  differentiation  wna  very  iiijuriouB  to  the  vigonr  of  the 
[irojieny,  parthenogenesis  would  most  certainly  be  a  very  constant  nccnr- 
i«nce  ;  and,  on  the  analogy  of  the  arrangements  in  plant<t  to  prevent  aAf- 
forti ligation,  we  might  exjiect  to  fini]  anme  contrivance  both  in  aiiimalH  and  in 
plants  to  piwent  the  ovum  developing  by  itself  without  fertilization.  If 
my  view  aiiont  the  polar  cells  is  correct,  the  furmation  of  these  bodieu 
Auictions  ne  such  a  contiivance. 

Reproduction  by  bndding  or  fission  has  probably  arisen  as  a  meanH  of 
increasing  tlie  number  of  individuals  produced,  so  that  the  r'>-exiat«nce  of 
asexual  with  sexual  reproduetion  is  to  be  looked  on  as  a  kind  of  compromise 
for  the  IcHs  of  the  jiower  of  rapid  reproduction  due  to  the  absence  of 
parthenogeneais.  In  the  Arthropoda  and  Botifera  the  place  of  bndding  has 
been  taken  by  imrtlienogcnesia,  which  may  be  a  fi'efjnnnt,  though  not  always 
a  nece-aary  occurrence,  as  in  varions  Brancliiopodn  (Ajnui,  Limnndia,  etc.) 
and  Ijepidnptera  (I'ti/eJuf  lielix,  etc.);  or  a  regular  occurrence  for  the 
production  of  one  sex,  as  in  Beei,  WaiipB,  Kematiis,  etc. ;  or  an  occurreucs 
confined  to  a  certain  stage  in  the  cycle  of  development  in  which  all  the 
individuals  rB(>ruduce  their  kind  parthenogenetically,  as  in  Aphis,  Oeei- 
domyia,  Qall  Iiisect»i  (Neurolenta,  etc.),  Daphnia'. 

On  my  hypothesis  the  pi>Hsibility  of  partlienogeneaia,  or  at  any  rate  its 
frequency,  iu  Arthrojioda  and  Rotifera  is  posaibly  due  to  the  absence  of  polar 
ct<Il&  In  the  caae  of  all  animals,  so  far  as  is  known  to  me,  fertili&itinn  of  the 
ovum  occasionally  occurs',  but  there  are  instances  in  the  vegetalile  king- 
dom where  so-called  parthenogenesis  apjicars  to  be  capable  of  recurring  for 
an  indefinite  jieriiM].  One  of  the  be^t  iiistAoces  appears  to  bo  that  of 
Occleliogyne,  an  introdured  exotic  Euphorbiaceous  plant  which  regularly 
produciis  fertile  st^s  although  a  male  flower  never  appears.  The  recent 
rmearches  of  Sti'acburger  have  however  shewn  that  in  Cn-lebogyne  and  otlier 
parthenogenetic  flowering  plants,  embryos  are  fonned  by  the  buiMing  and 
subsequent  development  of  cells  l>elonging  to  the  ovule.  This  being  the 
case,  it  is  impossible  to  assert  of  these  plants  that  they  are  really  parthi-no- 
genetio,  for  the  embryos  contained  in  the  seed  of  a  flower  which  has 
certainly  not  been  fertilised,  may  have  been  formed,  not  bt/  the  dev^loptttent 
of  thr  ovum,  lint  by  budding  from  the  surronnding  tis!)ue  of  the  oinile. 

The  aliove  view  with  rtjfei'ence  to  the  nature  of  the  polar  bodies  is  not 
to  be  rrgnrded  tts  forming  more  than  an  hypothesis. 

Impregnation  of  the  Ovum. 

A  far  greater  amount  of  certainty  has  been  attained  as  to  the 
effect*  of  impregnation  timn  as  to  the  diunges  of  the  germinnl  vesicle 
which  preccfic  this,  and  there  appears,  moreover,  to  be  a  greater 
uniformity  iu  the  series  of  resulting  pheuomeiia. 

'  Mr  J.  A.  0«bnrae  hail  recently  shewn  (Nafure,  Sept.  4. 1879),  tbst  the  ecRS  of  s 
Boette  (Uwitroi'hf  u  rspli&iii)  ma?  occasionaU;  devetcpe,  up  lo  a  eertuD  point  at  an; 
raU,  vithoat  the  male  intlneiice. 

•  DJo^nma.  which  i«  an  sppareat  dxoeplian.  haa  not  yet  be«n  certainly  glteirn  b 
davelnpe  tnu  ova.     If  iu  gonai  are  true  ova  it  form*  an  eiception  ti    ' 


«  the  above  rule. 
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It  will  be  convenient  again  to  take  Aaterias  glaoialia  a3  the  type. 
The  part  of  the  gerioinal  vesicle  which  remains  in  the  e^,  after  the 
formation  of  the  second  polar  cell,  becomes  converted  into  a  number 
of  small  vesicles  (fig.  29),  which  aggregate  themselves  into  a  single 
clear  nucleus,  which  gradually  travels  toward  the  centre  of  the  egg 
and  around  which,  an  a  centre,  the  protoplasm  becomes  rtuliately 
striated  (fig. 30).    This  nucleus  is  known  as  the  female  pronucleus. 


Fia.  31.     SmiLL 
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FBOMiNEMCE  HiVK  MET.  (Copied  from  Foi.) 
By  the  action  of  reagents  a  nucleolus  maybe  shewn  in  it  In  Asterins 
glacialis  the  most  favourable  period  for  fecunda- 
tion is  about  an  hour  after  the  formation  of  the 
female  pronucleus.  If  at  this  time  the  spermatozoa 
are  allowed  to  come  in  contact  with  the  agg,  their 
heads  soon  become  enveloped  in  the  investing 
mucilaginous  coat.  A  prominence,  pointing  to- 
wards the  nearest  spermatozoon,  now  arises  from 
the  superficial  layer  of  protopla.sra  of  the  egg,  and 
grows  till  it  comes  in  contact  with  the  sperma- 
tozoon (fig.  31,  A  and  B).  Under  normal  cir- 
cumstances the  spermatozoon  which  meets  the 
prominence  is  the  only  one  concerued  in  the 
fertilization,  and  it  makes  its  way  into  the  egg 
by  passing  through  the  prominence.  The  tail  of 
the  spermatozoon,  no  longer  motile,  remains  visible 
for  some  time  after  the  head  has  bored  its  way 
in,  but  its  place  is  soon  taken  by  a  pale  cnnical 
body,  which  is,  however,  probably  in  part  a  product 
of  the  metamorphosis  of  the  tail  itself  (lig.  32), 
It  eventually  becomes  absorbed  into  the  body  of  iwrked.  (Copiei&ton 
the  ovum.  *■"'■' 

At  the  moment  of  contact  between  the  spermatozoon  and  the  egg 
the  outermost  layer  of  the  protoplasm  of  the  latter  raises  itself  as 
a  distinct  membrane,  which  eepamtes  from  the  egg  and  prevents  the 
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votrance  of  other  spcniiatozua.  At  tlie  point  wlicn.'  the  spcnnatozoini 
entered  a  crater-like  oi>emng  is  left  in  the  membrane,  through  which 
the  mctomorpiiosud  taul  of  the  spermatozoon  may  at  fin>t  be  seen 
projecting  (fig.  32). 

The  liead  of  the  Bpennati>ziK>n  when  in  the  egg  funnK  a  iiucleiix, 
^^.^  for  which  the   name   male   pronu- 

- .VT^^Si^^^i^^fe.  cicus  may  be  conveniently  adopted. 

'  ■IrK^'^-'-^':^^^'^-^:  It  grows  iu  size,  probably  by  as-'^imi- 

latiug  material  from  the  ovum,  an<t 
around  it  is  formed  a  clear  space  five 
from  yolk-sphendes.  Sluirtly  after 
it8  fonnation  the  protoplafini  in  itx 
oeighbourliood  assumes  a  ni<li:)te  ar- 
rangement (fig.  33).  At  whatever 
1)«int  of  the  egg  the  spermatozoon  may 
lave  entenxl,  it  gradually  travels 
towards  the  female  pronucleu.s.  T\n; 
latter,  around  which  the  protojilaiim 
no  hmger  baa  a  radiate  arrangement, 
remains  motionle.'W  till  the  rays  of 
the  male  promicleus  come  in  «)utact 
TBK  rBiiiiiruHif  AB<>i.-Ki>  THB  FoBMKu.  witl|  It,  attcr  wliich  its  conditiou  of 
(Co,«ed  from  >oI.)  ^^^^  isexchanged  for  one  of  activity, 

and  it  rapidly  approaches  the  male  pn>nucleuH,  ajijiarently  by  ineana 
of  its  iidiercnt  amu-buid  contractions,  and  eventually  fuses  with  it  (tign. 
3+— 3(1)- 

As  ihe  male  pronucleus  approaches  the  female  the  latter,  aceonling 
to  Selenka  sends  out  protoplasmic  pro(.'esses  which  embrace  the  foniier. 
The  M-tuitl  fu.siou  does  not  take  place  till  after  the  pronuclei  have 
been  in  contact  for  Bonic  time.  While  the  two  pronuclei  are 
approaehing  one  another  the  protoplasm  of  the  egg  exhibits  amfl?1>oid 
movements. 

The  prixhict  of  the  fusion  uf  the  two  pronuclei  forms  the  first 
segmentation  nucleus  (fig.  37\  which  soon,  however,  divides  into  the 
two  nueh-i  of  the  two  first  segmeiitaliuu  spheres. 

The  phenomenon  which  has  just  l>eendescribe<l  consists  essentially 
ill  the  fusion  of  the  male  cell  and  the  female  cell.  In  this  act  the 
protoplusni  of  the  two  ci.'lls  aa  well  as  their  nuclei  coalesce,  since  the 
wh<ile  sj>ennatoz<>on  which  h.is  been  absorbed  into  the  ovum  is  a  cell 
of  which  the  Iicail  is  the  nucleu.s. 

It  is  clear  that  the  ovum  after  fertilization  is  an  entirely  different 
hiHly  to  the  ovum  jirior  to  that  act,  and  unless  the  use  of  the  same 
t4;rm  for  the  two  conditions  of  the  ovum  had  become  very  familiar,  a 
spii-ial  ttrm,  such  int  oosperm,  for  tlie  <jvuni  alter  its  fusion  with  the 
S))ennato/o<>i),  wnuld  be  very  convenient. 

or  ili(!  oiirliiT  iilisi-rvatiunM  on  this  subject  them  need  perhajM  only  bf 
citnl  oiii-  of  K.  VHQ  UoneOcu,  on  the  ralibit's  ovum,  shewing  the  ))n.-suticf  of 
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Begmentation  nucleus  arose  from  the  fiti<iou  of  two  i 
Hiibsequentlj   shewn    with    greater    detail  -  for    Asearis    nigrovenosa,    by 
Auerbach  (76).    Neither  nf  these  authors  gave  at  the  first  the  correct  inter- 
pretntion   of  their   rcsultB.     At  a  Inter 
|)eriud  Biltschli  (80)  arrived  at  the  con- 
chiaion  that  iu  a  large  number  of  in- 
stancei)  {Lyiinurna,  NeplifUt,  Cucutlanru, 
Ac),  the  nucleus  in  question  waa  formed 
hy  the  fusion  of  two  or  more  nuclei, 
and  Strasbnr^cr  at  first  made  a  similar 
statement  for  P/mlliteut,  though  he  hns 
since  witlitlrawu  it.     Though  Biltschli's 
Htatementa  depend,  as  it  neems,  upon  a 
false   interpretation  of  appearance",  he 
nevertheless  arrived  at  a  coiTect  view 
with  reference  to  what  occurs  in   im- 
pregnation.   Van  Beneden  {78)  descrit>ed  j^.  " '   .■.■.■'.^i,'' 
in  the  rabbit  the  formation  of  the  original 

segmentation  nucleus  from  two  nuclei,  ^"'-  ^'^    Oitrst  or  Astbbus  ola- 

one  penpheral  and  the  other  central,  and      ^^i.^  \t,j,  tkuillb  rHONuci.Ei    (Copied 
deduced  from  his  obnervations  that  the      bnmFol.) 
peripheral  nucleus  was  derived  from  the 

spermatic  element.  It  was  reserved  for  Oscar  Hertwig  (89)  to  describe 
in  Bckinti4i  lixidus  the  entrance  of  a  spermatozoon  into  the  egg  and  the 
formation  from  it  of  the  male  pronucleus. 

Tlio  general  fact  that  imprognatioii  consi-tts  in  the  fusion  of 
the  spermatozoon  and  ovum  has  now  been  established  for  some  forms 
in  the  majority  of  invertebrate  groups  (Arthropoda  and  Rotifera 
excepted).  Amongst  Vertebrata  also  it  has  been  shewn  by  E.  van 
Beneden  that  the  first  segmentation  nucleus  is  formed  by  the 
coalescence  of  the  male  and  female  pronucleus.  Calberia,  and  Kupflfer 
and  Benecke  have  demonstrated  that  a  single  spermatozoon  enters  at 
first  the  ovum  of  Petromyzon. 

The  contact  of  the  spermatozoon  with  the  egg-membrane  causes  in  Petro- 
myzon active  movements  of  the  protoplasm  of  the  ovum,  and  a  retreat 
of  the  protoplasm  from  the  membrane. 

In  Amphibia  the  appearance  of  a  peculiar  pigmented  streak 
extending  inwards  from  the  surface  of  the  pigmented  pole  of  the 
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ovum,  and  containing  in  a  clear  space  at  its  inner  extremitv  a  nucleus, 
has  been  demonstrated  as  tbo  rcsidt  of  iuiprpgnatiua  by  Bainbeke  (jy) 
and  Hertwig  (90).  There  can  be  little  doubt  that  this  nucleus  is  the 
male  prooucleus,  and  that  the  pigmented  streak  indicates  its  path 
iawards.  Close  to  it  Hertwig  has  shewn  that  another  nucleus  is  to  be 
founil,  the  female  pronucleua,  and  that  eventually  the  two  join  together. 
In  Amphibia  the  phenomena  accompanying  impregnation  are  clearly 
of  the  same  nature  as  in  the  Invertebrata.  A  precisely  similar  aeries 
of  phenomena  to  thoKe  in  Amphibia  has  been  shewn  by  Salcasky 
tri  tkke  place  in  the  Sturgeon. 

Altbongh  there  is  a  genci'al  agreement  between  the  mort  recent  observerR, 
Hertwig,  Fol,  Selenks,  Strasburger,  iia.,  bb  to  the  main  facts  connected 
with  the  eotranco  of  one  apermatosoon  into  the  egg,  the  formation  of  tbe 
niale  prouui^leus,  and  its  ftiHion  with  the  female  pronncJeus,  tbere  etill  exist 
differences  of  detail  in  the  different  descripiionii,  which  partly,  no  doulit, 
depend  upon  the  dilficulties  of  oliservation,  but  pHrtly  alito  npon  tlie  ohserva- 
tions  not  having  all  been  made  iiiwn  tbe  same  spec^iea.  Hertwig  does  not  enter 
into  details  with  reference  to  the  actual  entrance  of  the  R|x.'rmatoioon  into 
the  egg,  but  in  bis  laleat  pHper  [Hiints  out  that  conaideralile  differences  may 
be  observwl  ui  the  occurrences  wliich  succeed  inipngnntion,  acconliugto  tbo 
relative  peiiod  at  which  this  takes  place.  When,  in  Asterlas,  the  impreg- 
nation is  effected  about  an  himr  after  the  egg  is  laid,  and  previously  to  the 
formation  of  tbe  polar  cells,  the  male  pronucleus  appears  at  first  to  exert 
but  little  influence  on  the  protoplasm,  but  after  the  formation  of  the  second 
polar  cell,  the  radial  striw  around  it  become  veiy  marked,  and  the 
pronucleus  rapidly  grows  in  sias.  When  it  finally  unites  with  the  fenutle 
pronucleus  it  is  equal  in  size  to  the  latter.  In  the  case  when  the  impr^na- 
tion  ia  defeiTcil  for  four  hours  the  male  pronucleos  never  becomes  bo  larg« 
as  the  fenude  pronucleus.  With  reference  to  the  effect  of  tbe  time  at 
which  impregnation  takes  place,  Asterias  would  seem  to  serve  as  a  type 
Thus  in  Uirudiit'tn,  iIoUu*cn,  and  Kemntoidea  impregnation  normally  takes 
place  Itefore  the  formation  of  the  jmlar  l><dies  is  completed,  and  the  male 
pronucleus  is  accordingly  an  large  a^  the  female.  In  Sdtintit,  on  tbe  other 
hand,  where  the  polar  bodies  are  formed  in  the  ovary,  the  male  pronucleus 
is  always  small. 

Selenkn,  who  has  invcstigatnt  the  fonnation  of  the  male  pronucleus  in 
Toropae\i*tr«  variegatvs,  differs  in  certain  points  from  Fol.  He  finds  that 
usually,  though  not  always,  a  single  spei-iiiatoKoon  enters  the  egg,  and  that 
though  the  entrance  may  be  effectwl  at  any  psrt  of  the  surface  it  generally 
occurs  at  tbe  point  marked  by  a  small  pniniinence  where  the  polar  cells 
are  formed.  The  spermatozoon  first  makes  its  way  through  the  mucous 
envelope  of  the  egg.  within  which  it  swims  about,  antl  then  bores  with  its 
head  into  the  polar  ]irominence. 

One  important  point  has  l«en  ho  far  only  indirectly  allndcd  to,  vis. 
Iho  number  of  spermatozoa  re<|uire<t  to  effect  impregnation. 

The  concurrent  testimony  of  almost  nil  olworvers  tends  to  shew 
(hat  one  only  ia  rei^uired  for  this  purpose.  But  the  number  of  cases 
te«U<<l  is  too  small  to  admit  of  satisfactory  general izalion. 

B0U1  Hertwig  ami  Fol  have  made  observations  on  the  result  of 
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the  entrance  into  the  egg  of  several  spermatozoa.  Fol  finds  that 
when  the  impregnation  has  been  too  long  delayed  the  vitelline 
membrane  is  formed  with  comparative  slowness,  and  several  sperma- 
tozoa are  thus  enabled  to  penetrate.  Each  spermatozoon  forms  a 
separate  pronucleus  with  a  surrounding  star;  and  several  male 
pronuclei  usually  fuse  with  the  female  pronucleus.  Each  male 
pronucleus  appears  to  exercise  a  repulsive  influence  on  other  male 
pronuclei,  but  to  be  attracted  by  the  female  pronucleus.  When 
there  are  several  male  pronuclei  the  segmentation  is  irregular  and  the 
resulting  larva  a  monstrosity.  These  statements  of  Fol  and  Hertwig 
are  up  to  a  certain  point  in  contradiction  with  the  more  recent  results 
of  Selenka.  In  Toxopneustes  variegatus  Seleuka  finds  that  though 
impregnation  is  usually  effected  by  a  single  spermatozoon  yet 
several  may  be  concerned  in  the  act.  The  development  continues, 
however,  to  be  normal  up  to  the  gastrula  stage,  at  any  rate,  if  three  or 
even  four  spermatozoa  enter  the  egg  almost  simultaneously.  Under 
such  circumstances  each  spermatozoon  fonns  a  separate  pronucleus 
and  star.  Selenka  is  of  opinion  (apparently  rather  on  a  jpriort  grounds 
than  as  a  result  of  direct  observation)  that  normal  development 
cannot  occur  when  more  than  one  male  pronucleus  fuses  with  the 
female  pronucleus;  and  holds  that,  where  he  has  observed  such 
normal  development  after  the  entrance  of  more  than  one  spermatozoon, 
the  majority  of  male  pronuclei  become  absorbed. 

It  may  be  noticed  that,  while  the  observations  of  Fol  and  Hertwig 
were  admittedly  made  upon  eggs  in  which  the  impregnation  was 
delayed  till  they  no  longer  displayed  their  pristine  activity,  Selenka*s 
were  made  upon  quite  fresh  eggs ;  and  it  seems  not  impossible  that 
the  pathological  symptoms  in  the  embryos  reared  by  the  two  former 
authors  may  have  been  due  to  the  imperfection  of  the  egg,  and  not  to 
the  entrance  of  more  than  one  spermatozoon.  This,  of  course,  is 
merely  a  suggestion  which  requires  to  be  tested  by  fresh  obser- 
vations. 

Kupffer  and  Beneckc  have  further  shewn  that  although  only  one 
spermatozoon  enters  the  ovum  directly  in  Petromyzon  yet  other 
spermatozoa  pass  through  the  vitelline  membrane,  and  are  taken  into 
a  peculiar  protoplasmic  protuberance  of  the  ovum  which  appears  after 
impregnation. 

The  act  of  impregnation  may  be  described  as  the  fusion  of  the 
ovum  and  spermatozoon,  and  the  most  important  feature  in  this 
act  appears  to  be  the  fusion  of  a  male  and  female  nucleus  ;  not  only 
does  this  appear  in  the  actual  fusion  of  the  two  pronuclei,  but  it  is 
brought  into  still  greater  prominence  by  the  fact  that  the  female 
pronucleus  is  a  product  of  the  nucleus  of  a  primitive  ovum,  and  the 
male  pronucleus  is  the  metamorphosed  head  of  the  spermatozoon 
which,  as  stated  above,  contains  jyaH  of  the  nucleus  of  the  primitive 
spermatic  cell.  The  spermatic  cells  originate  from  cells  indis- 
tinguishable from  the  primitive  ova,  so  that  the  fusion  which  takes 
place  is  the  fusion  of  morphologically  similar  parts  in  the  two  sexes. 
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These  crmclusions  tally  very  satisfactorily  with  the  view  adopted 
in  the  lutroduction,  that  impregnation  amongst  the  Meuizoa  was 
derived  from  the  process  of  conjugation  amongst  the  Protozoa. 

In  what  may  probably  be  reganled  as  a  normal  case  the 
following  series  of  events  accompanies  the  maturation  and  impreg- 
nation of  an  ovum  : — 

(I)  Transportation  of  the  genninal  vesicle  to  the  surface  of  tlie 

egg. 

(2J     Absorption  of  the  membrane  of   the  germinal  vesicle  and 

metamorphosis  of  the  genninal  spot  and  nuclear  reticulum. 

(3)  Assum])tion  of  a  spindle  character  by  the  remains  of  the  ger- 
minal vesicle,  these  remains  being  piobably  in  part  formed  from  the 
germinal  spot. 

(4)  Entrance  of  one  end  of  the  spindle  into  a  protopla^^mic 
prominence  at  the  suifitce  of  the  egg. 

(5)  Division  of  the  spindle  into  two  halves,  one  remaining  in 
the  egg,  the  other  in  the  prominence;  the  prominence  becoming 
at  the  siime  time  nearly  constricted  off  from  the  egg  as  a  polar 
cell. 

(G)  Formation  of  a  second  polar  cell  in  the  same  manner  as  the 
first,  part  of  the  spindle  still  remaniing  in  the  egg. 

(7)  Conversion  of  the  part  of  the  spindle  remaining  in  the  egg 
into  a  nucleus — the  female  pronucleus. 

(8)  Transportation  of  the  female  pronucleus  towards  the  centre 
of  the  egg. 

(9)  Entrance  of  one  sjoermatozoon  into  the  egg. 

(10)  Conversion  of  the  head  of  the  spermatozoon  into  a  nucleus — 
the  male  pronucleus. 

(II)  ApiK»arance  of  nulial  stria*  roun<l  the  male  pronucleus, 
which  gradually  travels  towards  the  female  ])ronucleus. 

(12)  Fusitm  of  male  and  female  pronuclei  to  form  the  first 
segmentation  nucleus. 
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CHAPTER    III. 


THE  SEGMENTATION   OF  THE  OVUM. 

The  iiniiRHliatc  result  of  the  fusion  of  the  male  and  female  pro- 
nucleus is  the  segmentation  or  division  of  the  ovum  usually  into 
two,  four,  eight,  etc.  successive  parts.  The  segmentation  may  be  dealt 
with  from  two  i>uints  of  view,  viz.  (1)  the  nature  of  the  vital 
phenomena  which  take  place  in  the  ovum  during  its  occurrence, 
which  may  be  described  as  the  internal  phenomena  of  segmentation. 
(2)  The  external  characters  of  the  segmentation. 

Internal  Phenometui  of  Segmentation. 

Numerous  descriptions  have  been  given  during  the  last  few 
years  of  the  internal  phenomena  of  segmentation.  The  most  recent 
contribution  on  this  head  is  that  of  Fol  (No.  Sy),  He  appears 
to  have  been  more  successful  than  other  observers  in  obtaining 
a  complete  history  of  the  changes  which  take  place,  and  it  will  there- 
fore 1h^  convenient  to  tJike  jus  type  the  ovum  of  Toxopneiistes  {Eckinus) 
livid  tut,  on  which  he  ma<le  his  most  complete  scries  of  observations. 
Tlie  changes  which  tiike  place  may  be  divided  into  a  scries  of 
stages.  The  ovum  imme<liately  after  the  fusion  of  the  male  and 
female  pronucleus  contiiins  a  central  segmenUition  nucleus. 

In  the  first  stage  a  clear  protoplasmic  layer  derived  from  the 
plasma  of  the  cell  is  formed  round  the  nucleus,  from  which  there  start 
outwards  a  nund)er  of  radial  striof,  which  are  rendered  conspicuous 
by  the  railial  arrangement  of  the  yolk-granules  between  them.  The 
uuch'us  during  this  process  remains  ])erfectly  passive. 

In  the  second  stage  the  nucleus  becomes  less  distinct  an<l 
somewhat  elongated,  and  around  it  the  protophismic  layer  of  the 
earlier  st'ige  is  arranged  in  the  form  of  a  disc-shapetl  ring,  com- 
]Nire<l  by  Fol  to  Saturn's  ring.  The  protoplasmic  rays  still  take 
their  origin  from  the  ]K*rinuclear  protoplasm.  This  stage  has  a 
considerable  duration  (20  minutes). 
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In  the  third  stage  the  protoplasm  around  the  nucleus  becomes 
transported  to  the  two  nuclear  poles,  at  each  of  which  it  forms 
a  clear  mass  surrounded  by  a  star-shaped  figure  formed  by 
radial  strise.  The  nucleus  is  hardly  visible  in  the  fresh  condition, 
but  when  brought  into  view  by  reagents  is  found  to  contain  many 
highly  refractive  particles,  and  to  be  still  enveloped  in  a  membrane. 

In  the  fourth  stage  the  nucleus  when  treated  by  reagents  has 
assumed  the  well-known  spindle  form.  The  striae  of  which  it  is 
composed  are  continuous  from  one  end  of  the  spindle  to  the  other 
and  are  thickened  at  the  centre.  The  central  thickenings  constitute 
the  so-called  nuclear  plate.  The  clear  protoplasmic  masses  and 
stars  are  present  as  before  at  the  apices  of  the  nucleus,  and  the  rays 
of  the  latter  converge  as  if  they  would  meet  at  the  centre  of  the 
clear  masses,  but  stop  short  at  their  periphery.  There  is  no  trace 
of  a  membrane  round  either  the  nuclear  spindle  or  the  clear  masses  ; 
and  in  the  centre  of  the  latter  is  a  collection  of  granules.  The 
strioB  of  tlie  polar  stars  are  very  fine  but  distinct. 

Between  the  stage  with  a  completely  formed  spindle  and  the 
previous  one  the  intermediate  steps  have  not  been  made  out  for 
Toxopneustes ;  hut  for  Heteropods  Fol  has  been  able  to  demonstrate 
that  the  striae  of  the  spindle  and  their  central  thickenings  are  formed, 
as  in  the  case  of  the  spindle  derived  from  the  germinal  vesicle, 
from  the  metamorphosis  of  the  nuclear  reticulum.  They  commence  to 
be  fonned  at  the  two  poles,  and  are  then  (in  Heteropods)  in 
immediate  contiguity  with  the  stria?  of  the  stars.  The  strifle  gradually 
grow  towards  the  centre  of  the  nucleus  and  there  meet. 

In  the  fifth  stage  the  central  thickenings  of  the  spindle  separate 
into  two  sets,  which  travel  symmetrically  outwards  towards  the 
clear  masses,  growing  in  size  during  the  process.  They  remain 
however  united  for  a  short  time  by  delicate  filaments — named 
by  Fol  connective  filaments — which  very  soon  disappear.  The  clear 
masses  also  increase  in  size.  During  this  stage  the  protoplasm  of  the 
ovum  exhibits  active  amouboid  movements  preparatory  to  division. 

In  the  sixth  stage,  wliich  commences  when  the  central  thickenings 
of  the  spindle  have  reached  the  clear  polar  masses,  the  division 
of  the  ovum  into  two  parts  is  effected  by  an  equatorial  constriction 
at  right  angles  to  the  long  axis  of  the  nucleus.  The  inner  vitelline 
membrane  follows  the  furrow  for  a  certain  distance,  but  does  not 
divide  with  tlie  ovum.  All  connection  between  the  two  parts  of 
the  spindle  becomes  lost  during  this  stage,  and  the  thickenings 
of  the  fibres  of  the  spindle  give  rise  to  a  number  of  splierical  vesicular 
bodies,  which  pass  into  the  clear  masses  and  become  intermingled 
with  the  granules  which  are  placed  there.  The  radii  of  the  stars 
now  extend  round  the  whole  circumference  of  each  of  the  clear  masses. 

In  the  seventh  stage  the  two  clear  masses  become  elongated 
and  travel  towards  the  outer  sides  of  their  segments ;  while 
the  radii  connected  with  them  become  somewhat  bent,  as  if  a 
certain   amount  of  traction   had   been   exercised  on   them   in   the 
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niovetneul  of  tlie  clear  masses.  Shortly  afterwards  tlie  spljerital 
vesicles,  each  of  wiiicli  appears  like  a  small  nucleus  iiinl  coutains 
a  central  nucleolus,  bt-giu  to  unite  amongst  themselves,  aud  to 
coalesce  with  the  neighhouring  granules.  Those  in  each  segment 
finally  unite  to  form  a  nucleus  which  absorbs  the  substance  of  the 
clear  mass.  The  ««('  nucleus  w  therefore  partly  derived  from  the 
diviifioH  of  the  iM  one  imd  partly  from  the  plasma  of  the  cell.  The 
two  segments  formed  by  division  are  at  first  spherical,  hut  soon  be- 
come dattened  against  each  other.  In  each  aubseijuent  division  of 
these  cells  the  whole  of  the  above  changes  are  repeated. 

The  phenomena  which  have  just  been  describeii  would  appear 
to  occur  in  the  segmentation  of  ova  with  remarkable  constancy  and 
without  any  very  considerable  variations. 

Tlie  divi-ion  of  the  ovum  constitutes  a  H[«eci)d  ca«e  of  cell  liivinion,  and  it 
18  iiii|jortaiit  to  determine  to  wlmt  extent  the  iihenomeiia  of  ordinary  cell 
divisiuu  are  ifUleU  to  tlioBe  which  take  plaoe  in  the  diviBiou  of  the  ovum. 
Withmit  attempting  a  full  disciinKiou  of  Uie  suliject  I  will  confine  myself  to 
a  few  roiiiitrks  siig^teHt^id  by  the  olwervatiuns  of  Flemining,  Prremeschko  and 
Klein.  The  obaervatioiis  of  tht'.te  autli<int  shew  that  in  the  course  of  the 
division  of  nuclei  in  the  juilamander,  newt,  etc.  the  nuclear  reticulum  under- 
goes a  M-rieii  of  pe^niliai-  chauges  of  form,  anil  after  the  meuibrane  of  the 
nucleus  hii4  vanished  divides  into  two  massex.  The  maBnes  fonn  the  baau 
for  the  new  uuclti,  and  become  reconverted  into  an  ordiuarj'  nuclear  reticu- 
lum after  ro]ieating,  ut  the  reverxo  order,  the  changes  of  form  undergone 
by  the  reticulum  previous  to  itoi  division. 

It  is  clear  without  further  tui|ilauatioii  that  the  (junvemion  of  the 
nuclear  reticulum  of  the  segmentation  iiueleus  iuto  the  otrite  of  the  spindle 
is  a  special  ca«e  of  the  same  phenomenon  as  that  first  descrilwd  by  Flemiuing 
in  the  oalamauder.  There  arc  however  some  coniuderable  difl'ereitces.  In 
tho  firat  place  the  tihr^s  in  the  sulamander  do  not,  according  to  Flemmiug, 
unite  in  the  middle  line,  tliough  they  appear  to  do  su  in  the  uewt.  This  clearly 
cannot  be  regarded  as  a  fact  of  great  imjiortiiuce  j  nor  can  ihe  existence  of 
the  central  thickenings  of  the  stn^  (nuclear  plat^),  constant  a»  it  is  for  the 
divinon  of  the  imcleiui  of  the  ovum,  be  cousidci'etl  as  constituting  a  funda- 
mental difference  between  the  two  cases.  More  important  is  the  tact  that 
the  atrin  in  the  case  of  the  ovuui  du  not  appear,  at  any  rate  have  not  l>een 
shewn,  to  form  themselves  again  into  a  nuclear  network. 

With  reference  to  the  last  point  it  i3howeTertobe)ioriieiuuiiud(l)  that 
the  gradual  travelling  outwards  of  the  two  halves  of  tho  nuclear  plate  is 
up  to  a  certain  |>oiut  a  repetition,  in  the  reverse  order,  of  the  mode  of 
formation  of  the  strite  of  the  spindle,  since  the  strin  first  a|ipeared  at  the 
polen  and  gradually  grew  towards  the  middle  of  the  spindle  :  {2)  tlint  there 
IS  still  oonsidtrmble  doubt  as  to  how  tLe  vesiculai'  lioilies  foi'm»l  out  of  the 
nuclear  plate  i-econstitiite  themselves  into  a  nucleus. 

Tho  layer  of  clear  protoplaiim  around  the  nucleus  during  its  division  has 
its  liomologiie  In  the  case  of  the  division  of  tho  nuclei  of  the  salamander, 
and  the  ravs  starling  from  this  are  also  found,  Klein  has  suggesteit  that  thi^ 
extra-nuclear  i-ays  of  the  stars  around  the  {Hiles  of  the  nucleus  are  ilerived 
from  a  metamoii>hosis  of  the  extra-uuclesr  reticulum,  which  he  believes 
to  bo  coutinuous  with  the  iutra-nnclear  reticulum. 
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The  (li-licate  counective  filaments  usually  Tisible  between  tLe  two  liulves 
of  tliti  nuclear  plate  would  seem  from  Stiusburger's  ]at«at  obaurvatiuua 
(no.  104)  to  Iw  derived  from  tlie  nuclear  aul«tiince  between  the  Btrire  of  tba 
Hpindle,  and  to  become  eventually  reabsorbed  into  the  newly-formed  uucleL 

We  are  it  appears  to  me  still  ia  complete  ignorance  as  to  the 

Ayaical   causes   of  segmentation.      The   view   that   the  nucleus  is 

ma>  single   centre  of  attraction,  and  that  by  its  division  the  centre 

liOf  attraction   becomes  double  and  thereby  causes  division,  appears 

be    quite    untenable.      The    description    already   given    of   the 

■phenomena   of  segmentation   is  in   itself  sufficient  to   refute   this 

fTiew.     Nor  is  it  in  the  least  proved  by  the  fact  (shewn  by  Hallez) 

that  the  plane  of  division  of  the  cell  always  bears  a  definite  relation 

fto  the  direction  of  the  axis  of  the  nucleus. 

The  arguments  by  which  Kleinenberg  (93)  attempted  to  demon- 
Btrate  that  cell  division  was  a  phenomenon  caused  by  alterations  in 
the  molecular  cohesion  of  the  protoplasm  of  the  ovum  still  in  my 
opinion  hold  good,  but  recent  di-scoveries  as  to  the  changes  which 
take  place  in  the  nucleus  during  division  probably  indicate  that  the 
Snolecular  changes  which  take  place  in  the  cohesion  of  the  protoplasm 
it  closely  related  to,  and  possibly  caused  by,  those  in  the  nucleus.  These 
jUternations  of  cohesion  are  produced  by  a  series  of  molecular  changes, 
file  e:ctemal  indications  of  which  are  to  be  found  in  the  visible  altera- 
s  in  the  constitution  of  the  body  of  the  cell  and  of  the  nucleus  prior 
0  division. 
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External  Features  of  Segmentution. 
In  the  simplest  known  type  of  segmentation  the 
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all  divides  into  two,  then  four,  eight,  sixteen,  thirty-two,  sixty-four, 
etc.   celhi   (fig.    38).     These  celb  so   long  as   they  are  fairly  large 
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are  usually  knowo  as  segments  or  spheres.  At  the  close  of  such 
a  simple  segmentation  the  ovum  becomes  converted  into  a  sphere 
composed  of  segments  of  a  uuiform  size.  These  segments  usually 
form  a  wull  {fig.  39  E),  one  row  of  cells  thick,  round  a  central  cavity, 
which  is  known  as  the  segmentation  cnvity  or  cavity  of  Von  Baer. 
Such  a  sphere  is  known  as  a  blastosphere.  The  central  carity 
usually  appears  very  early  in  the  segmentation,  in  many  cases 
when  only  four  segments  are  present  (tig.  39  B). 

In  other  instances,  which  however  are  rarer  than  those  in  which 
a  segmentation  cavity  is  present,  there  is  no  trace  of  a  central 
cavity,  and  the  sphere  at  the  close  of  segmentation  is  quite  solid. 
In  such  instances  the  solid  sphere  is  known  as  a  morula.  It  is 
found  in  some  Spongeb,  many  Ca'Icntcrata,  some  Ncmertines,  etc., 
and  in  Mammals;  in  which  group  the  segmentation  is  not  however 
quite  regular.  All  intermediate  conditions  between  a  large  seg- 
mentation cavity,  and  a  very  minute  central  cavity  which  may  be 
surrounded  by  more  than  a  single  row  of  cells  have  been  described. 

The  BPgnientatiun  cavity  Iioa  occasionally,  as  in  Sycauilm  and  the  Ct«no. 
phom,  tlie  furiu  uf  an  axiul  perforation  of  the  ovum  ojKjn  at  both  e\tre- 

ILlititH. 

When  the  procoas  of  regular  segmentation  is  examined  somewhat 
more  in  detail  it  is  foun<i  t"  fnllow  aa  a  rule  a  rather  definite  rhjtlim. 


Tra.  B9.    Tna  Biuikentiti'i!!  nr  Ampbtoidb.     (Copied  from  Eownlcvsk;.) 

(f,  MgmanlAtloD  ciivit;.     A.  tSU^o  with  two  eqoal  8«giiieiita.     B.  Stage  with  tom 

Kinai    MKinentii.      0.    Sta<^  after  the  funr  wiinnuiils   lui^e  become   divide  b;  an 

vqnalorial  rurrow  into  eight  equal   Begni(>nt>.     I).   Stage  in  wliioh  a  single  lajer  of 

ooUa  moloMi  a  uDtral  Begmentation   cavitj.     E.  Somewhat  older   ilage  in   optical 

The  ovura  is  first  divided  in  a  plane  which  may  be  called  vertical, 
into  two  equal  parts  (fi«.  39  A).  This  division  is  followed  by  a 
Mcond.  also  in  a  vertical  plane,  but  at  right  angles  to  the  first  plane, 
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and  by  it  each  of  the  previous  segments  is  halved  (fig.  39  B).  In  the 
third  segmentation  the  plane  of  division  is  horizontal  or  equatorial 
and  divides  each  of  the  four  segments  into  two  halves,  making  eight 
segments  in  all  (fig.  39  C).  In  the  fourth  period  the  segmentation 
takes  place  in  two  vertical  planes  each  at  an  angle  of  45'*  with  one  of 
the  previous  vertical  planes.  All  the  segments  are  thus  again 
divided  into  two  equal  parts.  In  the  fifth  period  there  are  two 
equatorial  planes  one  on  each  side  of  the  original  equatorial  plane, 
and  thirty-two  spheres  are  present  at  the  close  of  this  period. 
Sixty-four  segments  are  formed  at  the  sixth  period,  but  beyond  the 
fourth  and  fifth  periods  the  original  regularity  is  not  usually  preserved. 

In  many  instances  the  type  of  segmentation  jnst  described  cannot  l)e 
distinctly  recognized.  All  that  can  be  noticed  is  that  at  each  fresh 
segmentation  every  segment  becomes  divided  into  two  eqmd  parts.  It  is 
not  absolutely  certain  that  there  is  not  al^%ay8  some  slight  inequality  in 
the  segments  formed,  by  which,  what  are  known  as  the  animal  and  vegetative 
poles  of  the  ovinn,  can  very  early  be  distinguislied,  A  regular  segmen- 
tation is  found  in  species  m  most  grou[>s  of  the  animal  kingdom.  It  is 
very  common  in  Sponges  and  Coelenterates.  Though  less  common  so 
far  as  is  known  amongst  the  Vermes,  it  is  yet  found  in  many  of 
the  lower  types,  viz.  Nematoi<lea,  Gordiacea,  Ti-ematodji,  Nemertea 
(apparently  as  a  rule),  SagiUa,  Chatonotus,  some  Gephyrea  {PJwr<mis)  ; 
though  not  usual  it  occurs  amongst  Cha?topoda,  e.  g.  Serpula.  It  is  tlie 
usual  type  of  segmentation  amongst  the  £chinodermata.  Amongst  the 
Crustacea  it  api)eai-8  (for  the  earlier  phases  of  segmentation  at  any  rate) 
not  infrequently  amongst  the  lower  forms,  and  even  occurs  amongst  tlie 
Amphipoda  (Phronima),  It  is  however  very  rare  amongst  the  Tracbeata, 
Podura  affording  the  one  example  of  it  known  to  me.  It  is  almost  as  rare 
amongst  Mollusca  as  amongst  tlie  Tracheata,  but  occurs  in  Chiton  and  is 
nearly  approached  in  snme  Nudibranchiata.  In  Vertebrata  it  occurs  only 
in  Amp/tioxtis^, 

Most  of  the  eggs  which  have  a  perfectly  regular  segmentation  are 
of  a  very  insignificant  size  and  rarely  contain  much  ft)o<l-yolk:  in 
the  vast  majority  of  eggs  there  is  present  however  a  considerable  bulk 
of  food  material  usually  in  the  form  of  highly  refracting  yolk 
spheniles.  These  yolk  spherules  lie  embedded  in  the  protoplasm  of 
the  ovum,  but  are  in  most  instances  not  distributed  uniformly, 
being  less  closely  packed  and  smaller  at  one  pole  of  the  ovum  than 
elsewhere.  Where  the  yolk  spherules  are  fewest  the  active  proto- 
plasm is  necessarily  most  concentrated,  and  we  can  lay  down  as  a 
general  law'  that  the  velocity  of  segmentation  in  any  part  of  the  ovum 
is  roughly  speaking  proportional  to  the  concentration  of  the  pro- 
toplasm there;  and  that  the  size  of  the  segments  is  inversely  pro- 
portional to  the  concentration  of  the  protoplasm.  Thus  the  segments 
produced  from  that  part  of  an  egg  where  the  yolk  spherules  are  most 

1  In  the  Babbit  and  probably  other  Monodelphoti»  Mammalia  tlio  segmentation  ia 
nearly  thoujili  not  quite  reKular. 

'  Vide  F.  ^r.  Balfour,  "Comparison  of  the  early  BtngOH  of  development  in 
Vortobrates. "     Quart.  Jour,  of  Micr.  Science,  July,  1H76. 
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bulky,  and  where  therefore  the  protoplasm  is  least  concentrated,  are 
larger  than  the  remaining  segments,  and  their  fonnation  proceeds 
more  slowly. 

Thouj^h  where  mucli  food-yolk  is  present  it  is  generally 
distributed  uuciiusUly,  yet  there  are  many  cases  in  which  it  is  not 
passible  to  notice  this  very  distinctly.  In  most  of  these  cases 
the  segmentation  is  all  the  same  unequal,  and  it  is  probable  tliat 
they  form  apparent  rather  than  real  excei)tion8  to  the  law  laid  down 
above.  Although  before  segmentation  the  protoplasm  niJiy  be 
uniformly  distributed,  yet  in  nijiny  instances,  e.g.  Molluscca,  Vermes, 
etc.,  during  or  at  the  commencement  of  segmentation  the  protoplasm 
becomes  aggregate*!  at  one  jwle,  and  one  of  the  segments  formed 
consists  of  clear  protoplasm,  all  the  food-yolk  being  conUiined  in  the 
other  and  larger  segment. 

IJiieqaal   Segmentation.    The   type  of  segmentation   I   now 

proceed  to  descnoe  has  been  called  by  Haeckel  (No.  105)  *  unequal 
segmentation',  a  term  which  may  conveniently  be  adopted.  I 
commence  by  describing  it  as  it  occurs  in  the  well  known  and  typical 
instance  of  the  Fr(»g*. 

The  ri|K5  ovum  (»f  the  common  Frog  and  of  most  other  tailless 
Ampliibians  presents  the  following  structure.  One  half  appears 
blaclc  and  the  other  white.  The  former  I  shall  call  the  up}>er 
|>ole,  the  latter  the  lower.     The  ovum  is  composed  of  protoplasm  c(»n- 
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Fin.  40.     Sr.iiMKNTATiox  OF  Common  Fiu»o.     IUna  Tkmporaria.     (Copietl  from  Ecker.) 
The  nuiiibors  alMivo  the  fi^nres  refer  to  the  number  of  RogmentR  at  the  Htage  figured. 

taining  in  suspension  numerous  yolk  spherules.  The  largest  of  these 
are  situated  at  the  lower  pole,  the  smaller  ones  at  the  upper  jk^Io,  and 
the  smallest  of  all  in  the  peripheral  layer  of  the  upper  jkJc,  in  which 
also  pigment  is  watten^d  and  causes  the  black  colour  visible  from 
the  surface. 

The  first  forme<l  furrow  is  a  vertical  furrow.  It  commences 
in  the  up|)er  half  of  the  ovum,  through  which  it  extends  rapidly,  and 
then  more  slowly  through  the  lower.  As  soon  as  the  first  furrow  has 
extended  through  the  egg,  and  the  two  halves  have  become  separated 

>  Vide  Remak.  EntKUhlunri  d,  Wirbelthiere ;  and  Gotte.  Entwicklung  </.  Vnke. 
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from  each  other,  ii  second  vertical  furrow  appears  at  right  augles 
to  the  first  and  behaves  in  the  same  way  (fig,  40,  4). 

The  next  furrow  is  equatorial  or  horizontal  (fig,  40,  8).  It 
does  not  arise  at  Hie  true  equator  of  the  egg,  but  much  nearer 
to  its  upper  pole,  it  extends  rapidly  round  the  egg  and  divides 
each  of  the  four  previoua  segments  into  two  paJts,  one  larger  and 
one  smaller.  Thus  at  the  end  of  this  stage  there  are  present  four  small 
and  four  large  segments.  At  the  meeting  point  of  these  a  small 
cavity  appears,  which  is  the  segmentation  cavity,  already  described 
for  unifonnly  segmenting  eggs.  It  increases  in  size  in  subsequent 
stages,  its  roof  being  formed  of  the  smaller  cells  and  ilfl  floor  of 
the  larger.  The  appearance  of  the 
equatorial  furrow  is  followed  by  a 
period  of  repose,  after  which  two 
rapidly  succeeding  vertical  furrows 
are  formed  in  the  upper  pole, 
dividing  each  of  tbe  four  segments 
of  which  this  is  composed  into  two. 
After  a  short  peritxl  these  furrows 
extend  to  the  lower  pole,  and  when 
completed  1 6  segments  are  present 
— eight  larger  and  eight  smaller 
(fig,  40, 16),  A  pause  now  ensues, 
after  which  the  eight  upper  seg- 
ments become  divided  by  an  equa- 
torial furrow,  and  somewhat  later 
a  similar  furrow  divides  the  eight 
lower  segments.  At  the  end  of 
this  stage  there  are  thi;refore  pre- 
sent 16  smaller  and  16  larger  seg- 
ments (fig.  40,  32).  After  04  segments  have  been  formed  by 
vertical  furrows  which  arise  symmetrically  in  the  two  poles  (fig.  4(). 
64),  two  equatorial  furrows  appear  in  the  upper  pole  before  a 
fresh  furrow  arises  in  the  lower;  so  that  there  are  128  segments 
in  the  upper  half,  and  only  32  in  the  lower.  The  regularity  is 
quite  lost  in  subsequent  stages,  but  the  iipper  pole  continues  to 
undergo  a  more  rapid  segmentation  than  the  lower.  While  the 
segments  have  been  increasing  in  number  the  segmentation  cavity 
has  been  rapidly  growing  in  size ;  and  at  the  close  of  segmen- 
tation the  egg  forms  a  sphere,  containing  an  exceiitric  cavity,  and 
composed  of  two  unequal  parts  (fig.  41).  The  upper  part,  which 
forms  the  roof  of  the  segmentation  cavity,  is  formed  of  smaller 
cells :  the  lower  of  larger  yolk- containing  cells. 

The  mode  of  segmentation  of  the  Frog's  ovum  is  typical  for 
unequally  segmenting  ova,  and  it  deserves  to  be  noticed  that  as 
regards  the  first  three  or  more  furrows  the  segmentation  occurs  with 
the  same  rhythm  in  the  unequally  segmenting  ova  as  in  those  which 
have  an  uniform  segmentation.     There  appear  two  vertical  fuirowa 
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followed  by  an  equatorial  furrow.  The  general  laws  which  were 
Rtated  with  reference  to  the  velocity  of  segmentation  and  the  size 
of  the  resulting  segments  are  well  exemplified  in  the  case  of  the 
Frog's  ovum. 

The  majority  of  the  smaller  segments  in  the  segmented  Frog's 
ovum  are  destined  to  form  into  the  epiblast,  and  the  larger 
segments  become  hypoblast  and  mesobhust. 

With  a  few  exceptions  (iho  Rnbhit,  Ljmnrcua,  etc.)  the  majority  of  the 
siDftller  segments  always  become  epiblast  and  of  the  larger  segments  hypoblast. 

The  Frog's  ovum  s6rves  as  a  good  medium  type  for  unequally 
segmenting  ova.  There  are  many  cases  however  in  which  a  regular 
segmentation  is  far  more  closely  approaciiod,  and  others  in  which 
it  IS  less  so. 

One  famili«ar  instance  in  which  a  regular  segmentation  is  nearly 
appraached  is  afforded  by  the  Rjibbit's  ovum,  which  has  indeed 
usually  been  reganled  as  offering  an  example  of  a  regular  seg- 
mentation. 

The  ovum  of  the  Rabbit'  becomes  first  divided  into  two  sub-equjil 
spheres.  The  larger  and  more  transparent  of  the  two  may,  from 
its  eventual  fate,  be  calle<l  the  ejriblastic  Ri)l:ere,  and  the  other  the 
hypoblastic.  The  two  spheres  are  dividc'd  into  four,  and  then  by 
an  equatorial  furrow  into  eiglit — four  epiblastic  and  four  hypoblastic. 
One  of  the  latter  assumes  a  central  position.  The  four  epiblastic 
spheres  now  divide  before  the  four  hypobla^^tic.  There  is  thus 
introduced  a  stage  with  twelve  spheres.  It  is  followed  by  one  with 
sixteen,  and  that  by  one  with  twenty-fiur.  During  the  staples 
with  sixteen  spheres  an<l  onwards  the  epiblastic  .spheres  gradually 
cnveloi>e  the  hypobLostic,  which  remain  exposed  on  the  surfjvce  at 
one  p<»int  only.     There  is  no  segmentation  cavity. 

In  Pedicellina,  one  of  the  entoproctous  Polyzoa,  there  is  a 
subregular  segmentation,  where  however  the  two  primary  spheres 
can  bo  distinguished  much  in  the  same  way  as  in  the  case  of  the 
Rabbit. 

A  very  characteristic  type  of  unequal  segmentation  is  that 
presi'nte<l  by  the  nicajority  of  Gasteropods  and  Pteropods  and  probably 
also  of  .some  I^mellibrauchiata.  It  is  also  found  in  some  Turbellarians, 
in  B«>nellia,  some  Annelids,  etc.  In  many  instances  it  otfers  a  good 
example  of  the  type  where  in  the  course  of  .segmentation  the 
protoplasm  becomes  aggregated  at  one  pole  of  the  ovum,  or  of  its 
segments,  to  become  sepaniteil  off  as  a  clear  sphere. 

The  first  four  segments  formed  by  two  verticid  furrows  at  right 
angles  are  ecpial,  but  from  these  there  «'ire  budded  oif  four  smaller 
segments,  which  in  subserpient  stages  diviile  rapitUy,  receiving 
however,  a  continual  accession  of  segments  budded  oft"  from  the  larger 
spheres.     The  four  larger  spheres  remain  conspicuous  till  near   the 

1  Van  Ik'ii  den,  ''D^veloppexncnt  cmbryonnairc  <lrB  M}immifi''reR.'*    Dull,  df  VAcmL 
Iielgi*iue,  lb  74. 
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dose  of  the  segmentation.  The  process  of  budding,  by  which  the 
smaller  spheres  become  separated  from  the  larger,  consists  in  a  larger 
sphere  throwing  out  a  prominence,  which  then  becomes  constricted  off 
from  it. 

In  the  extreme  forms  of  this  unequal  segmentation  we  find 
at  the  end  of  the  second  cleavage  two  larger  spheres  filled  with 
yolk  material  and  two  smaller  clear  spheres ;  and  in  the  later 
stages,  though  the  large  spheres  continue  to  bud  off  small  spheres, 
only  the  two  smaller  ones  undergo  a  regular  segmentation,  and 
eventually  completely  envelope  the  former.  Such  a  case  as  this  has 
been  described  in  Aplysia  by  Lankester*. 

The  types  I  have  described  serve  to  exemplify  unequal  segmen- 
tation. The  Babbit's  ovum  stands  at  one  end  of  the  series,  that 
of  Aplysia  at  the  other ;  and  the  Frog's  ovum  between  the  two. 

Great  variations  are  presented  by  the  ova  with  unequal  segmen- 
tation as  to  the  presence  of  a  segmentation  cavity.  In  some  instancef^, 
e.g.  the  Frog,  such  a  cavity  is  well  developed.  In  other  cases  it  is 
small,  e.g.  most  MoUusca,  while  not  unfrequently  it  is  altogether 
absent. 

Before  leaving  this  important  type  of  segmentatioxi,  it  will  be  well  to 
enter  with  slightly  greater  detail  into  some  of  the  more  typical  as  well  as 
some  of  the  special  forms  which  it  presents. 

As  an  example  of  the  typical  MoUuscan  type  the  normal  Heteropod 
segmentation,  accurately  described  by  Fol ',  may  be  selected. 

The  ovum  divides  into  two  and  then  four  equal  segments  in  the  usual 
vertical  planes.  Each  segment  has  a  protoplasmic  and  a  vitelline  pole. 
The  protoplasmio  pole  is  turned  towards  the  polar  bodies.  In  the  third 
segmentation,  which  takes  place  along  an  equatorial  plane,  four  small 
protoplasmic  cells  or  segments  are  segmented  or  rather  budded  off  from  the 
four  large  segments,  so  that  there  are  four  small  segments  in  one  plane  and 
four  large  below  these.  In  the  fourth  segmentation  the  four  large  segments 
alone  are  active  and  give  lise  to  four  small  and  four  large  cells ;  so  that  there 
are  formed  in  all  eight  small  and  four  large  cells.  The  four  small  cells  of  ,the 
third  generation  next  divide,  forming  in  all  twelve  small  cells  and  four  large. 
The  small  cells  of  the  fourth  generation  then  divide,  and  subsequently  the 
four  large  oells  give  rise  to  four  new  small  ones,  so  that  there  are  twenty 
small  cells  and  four  large.  The  small  cells  furm  a  cap  embracing  the  upper 
pole  of  the  large  s^ments.  It  may  be  noted  that  from  the  third  stage 
onwards  the  cells  increase  in  arithmetical  progression — a  chaiacteristic 
feature  of  the  typical  gasteropod  segmentation. 

In  the  later  titages  of  segmentation  the  large  cells  cease  to  give 
rise  to  smaller  ones  in  the  same  manner  as  before.  One  of  them  divides 
firiit  into  two  unequal  parts,  of  %^hich  the  smaller  becomes  pushed  in 
towards  the  ceutre  of  the  egg.  The  larger  cell  then  divides  again  into 
two,  and  the  three  oells  so  formed  occupy  the  centre  of  a  shallow  depression. 
The  remaining  larger  cells  divide  in  the  same  way,  and  give  nse  to  smaller 
cells  which  line  a  pit  which  becomes  formed  on  one  side  of  the  ovum. 

1  Phil.  Tram.  1875. 

*  Fol,  Arrhiven  de  Zool4)ffie  KrpSrimentnlf,  Vol.  iv.  1875. 
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Tb^  original  mnaller  cells  continne  in  tlie  mranlime  tn  divide  aiid  so  form 
a  layer  encloBing  the  larger,  leaving  exposed  hovever  the  opening  of  the 
pit  lined  by  the  latest  producta  of  tlio  larger  cells. 

Ftn.  Vi.  SKnMF.^TATinN  or  Anoimix  fiicinalih.  (Copied  from  FleinmiDg.)  r.  polar 
Eells.  v.  TJtflline  Hpherc.  1.  Commencinft  ilivision  into  two  soginentH ;  one 
muni;  formfd  of  pmtopUiim,  the  other  of  yolk.  S.  Stitge  with  tonr  HetnoentH. 
S.  FormmtioD  el  l>lKiit<npheTe,  snd  segmentatioD  cmvit;.  4.  Dtflnite  tefjam- 
tatiOD  of  the  folk  spliere. 

The  eggs  of  Anodon  and  Unio  serve  aa  excellent  examples  of  tlie  tyjie 
in  which  the  ovnin  has  a  iinifbrm  structure  before  the  commenccmetit  of 
segmnntation.  bnt  in  which  a  separation  into  a  protoplHsmio  and  a  nutritive 
{lOrtion  becomes  nbvious  during  segmentation. 

In  Anodon'  tlie  egg  is  at  limt  uniformly  granular,  but  uPhr  impregnation 
it  tiirows  out  on  one  side  a  protuberance  nearly  free  from  granules 
(«g.  42.  .). 

In  the  cHHe  of  this  clear  protuberance  and  of  the  similar  protuberances 
which  follow  it,  tbo  protoplasm  is  not  at  first  quite  free  from  food-jolk, 
but  only  becomes  ho  on  being  separated  fmni  the  ynlk-eontainingpartof  tbe 
ovum.  We  must  therefore  supjioiie  that  the  production  of  the  clear 
segments  is  in  jwrt  at  least  due  t*)  the  yolk  spherules  becoming  used  up  to 
form  protoplasm.  Huch  a  formation  of  protoplasm  from  yolk  spherules  has 
been  clearly  Hhcwn  to  occur  in  other  types  by  fiobretzky  niid  Fol. 

The  protulM'rauce  soon  lieconies  separated  off  from  the  larger  part  of 
the  egg  OS  a  small  segment  composed  of  clear  protoplasm.  Fmrii  the  Isi^r 
segment  tilhxi  with  food-yolk,  a  second  small  clear  segment  is  next  buddeil 
off,  and  simultaneously  (fig.  4'2,  x)  the  origiiud  small  segment  divides  into 
two.  Thus  there  are  foniied  four  segments,  one  large  and  three  small;  the 
large  segment  as  before  licing  filled  with  food-vulk.  The  continua- 
tinn  of  a  similar  process  of  budding  off  and  segmentatinn  eventually  results 
in  the  formation  of  a  considerable  number  of  hiuhII  and  of  one  large 
segment  (tig.  42,  ^).  Between  this  large  and  the  small  segments  is  a 
segmentation  cavity. 

Kventually  the  large  yolk  segment,  which  has  hitherto  merely  budded 
off  a  series  of  small  segments  free  from  yolk,  ibwlf  divides  into  twii  similar 
liarts.  Thisjiroeess  is  then  re|ieated  (fig.  42,  4)  and  there  is  at  last  forme<l 
a  numlier  of  yolk  segments  tilted  with  yolk  spheres,  which  occupy  the 
place  of  the  iii-iginnl  large  yolk  segment.  Between  these  yolk  segments 
and  the  small  Elements  is  plnired  the  segmentation  cnvity. 

The  segnientaliun  of  the  ovum  of  Euaxes' resembles  that  of  Unio  in  the 
bndding  off  of  clear  segments  from  those  lilled  with  yolk,  but  presents 
many  int^'resting  individualities. 
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A  very  peculiar  modifi cation  of  the  ordinaty  (4ast«ropo(]  tfcgriieutati 
at  iiiMcrib«d  by  BobreUky  tbr  Nassa  luutabilia '. 
The  ovnm  contains  a  large  amount  of  food  yo!k,  anti  tlie  pmtopla 
I   »j[gregate(l  at  tha  forniaCive   |ioli;,   iidjoining  whiub   are  placed    the 
lioiliea.      An  equatorial  and  a  vertical  furrow  (lig,  43  A),   the  former 
the  upper  pole,  Hppear  eimiilt&neDiialy,  and   divide  the  ovum  into 
B^montR,    two    Hinatl,    each    with    a    prntoplasniir    (lole,    and    one 
entirely  formed  of  volk  maieriul.    One  of  the  twn  nrQall  segments  next 
^etely  fiiaes  with  the  targe  imguieat  (lig.  43  B),  and  after  the  fusion  is 


three 
large 


I 


Skqukvtatiiin  or  N.iaB*  JtrT»iiii,iB  (from  Bolirctnlij-l.  A.  Upper  half  dirMwI 
into  two  «e)(DiBiitR.  B.  Oae  of  thc^w  liaH  Tuied  witli  the  Urns  Invcr  negmenl. 
C  Fonr  rduII  aod  one  large  w>gment,  oae  ^r  thu  [ornier  ruxiDg  with  Vav  lurim 
BeRmenl.  D.  Enchotlhe  foar  aPgioentH  lias  giveo  riiieto  n  BmallHpgiuenL  E.  Sroall 
i^^Klieuts  haTe  inureosed  to  thirty-Bii. 

plete,  a  triple  segmentation  of  the  large  scffmeut  takes  plat-e  as  at  the  firat 
and  at  the  Ranie  time  the  single  aniall  segment  divides  into  two.  In 
thia  Wftj-  four  partixlly  protopIaHuiic  segments  and  one  yolk  negment  are 
fbrmed  {(ig.  43  C).  One  of  the  small  segments  again  fuM.1  with  the  large 
segment,  no  that  the  numbier  nf  segments  becomes  agnin  reduced  to  four, 
three  small  and  one  large.  Tbeprotoptaamicenilaof  these  Negments  are  turned 
towards  each  other,  and  where  they  meet  four  very  small  cells  become  biiddeil 
oft,  one  from  each  segment  (fig.  4.1  D).  Four  small  cells  are  again  hu<lded 
off  twice  in  siiccexsion,  while  the  originnl  smalt  cells  remain  pussivc,  so  that 
there  come  to  bo  twelve  sniidl  and  four  large  cells.  lu  later  stHges  the  fonr 
lirst-formed  small  celln  give  ris^  to  Fitill  smaller  cells  nod  then  the  next- 
formed  do  the  same.  The  large  cells  continue  also  to  give  rise  to  small 
ones,  and  finally,  hy  a  continuous  process  of  division,  and  fresh  buddmg  I'f 
Nmall  cells  from  large  cells,  a  cap  of  small  cells  becomes  formed  covering 
the  four  large  celts  which  have  in  the  meantime  pressed  themselveo  together 
(fig.  43  E).  A  sej^untation  cavity  of  not  inconsiderable  dimensions 
becomes  established  between  this  cap  of  small  cells  and  the  large  celb. 
'  Arehivf.  milrr.  A»nl.  Vol.  iiii,  1877. 
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Many  ^gg^y  such  as  those  of  the  Myriapodis*,  present  an  irregular 
segmentation ;  bnt  the  segmentation  is  hardly  unequal  in  the  sense  in  which 
I  have  been  using  the  term.  Such  cases  ^ouid  perha|)s  be  plaoed  in  the 
first  rather  than  in  the  present  category. 

Tlie  ty{ie  of  unequal  segmentation  is  on  the  whole  the  most  widely 
distributed  in  the  animal  kingdom.  There  is  hardly  a  group  without 
examples  of  it 

It  occurs  in  Porifera,  Hydrozoa,  Actinozoa  and  Ctenophora.  Amongst 
the  Ctenophora  this  segmentation  is  of  the  most  typical  kind.  Four  equal 
segments  are  first  formed  in  the  two  first  periods.  In  the  third  period  a 
circumferential  furrow  se[janite8  four  smaller  from  four  larger  segments. 

This  type  is  also  widely  di»tributed  amongst  the  unsegmented  (Gephyrea, 
Tarbellaria),  as  well  as  the  segmented  Vermes,  and  is  typical  for  the 
Rotifers.  It  appears  to  be  very  rare  in  Echinoderms  (Echinaster  Sarsii). 
It  is  not  uncommon  in  early  stages  of  the  segmentation  of  the  lower 
Crustacea. 

For  MoUnsca  (except  Cephalopoda)  it  in  typical  Amongst  the  Ascidia 
it  occurs  in  several  forms  (Salpa,  Molgula)  and  amongst  the  Craniata  it  is 
typical  in  the  Cyclostomata,  Amphibia,  and  some  Ganoids,  e.g.  Accij)efuer, 

Fftrtial  legmentatioiL  The  next  type  of  segmentation  we  have 
to  deal  with  has  long  been  recognized  as  partial  segmentation. 
It  is  a  tjrpe  in  which  only  part  of  the  ovum,  called  the  germinal 
disc,  undergoes  segmentation,  the  remainder  usually  funning  an 
appendage  of  the  embryo  known  as  the  yolk-sack.  Ova  belonging 
to  the  two  groups  already  dealt  with  are  frequently  classed  together  as 
holoblastic  ova,  in  opposition  to  ova  of  the  present  group  in  which  the 
segmentation  is  only  partial,  and  which  are  therefore  called  meroblastic. 
For  embryological  purposes  this  is  in  many  ways  a  very  convenient 


Fio.  44.     Surface  tiewb  op  thk  eablt  btaoer  of  the  beoxentation  in  a  fowl'b  eoo. 

(After  Coste.) 
a.  adgo  of  germinal  disc.     b.  vertical  farrow,    e.  smaU  central  segment,     d.  larger 

peripheral  begment. 

classification,  but  ova  belonging  to  the  present  group  are  in  reality 
8e[)arated  by  no  sharp  line  from  those  l>elonging  to  the  grou})  just 
described. 

>  Metschnikoff,  ZriUrkHftf.  wi$*,  Zoologie,  IHTt. 
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The  origin  and  nature  of  naeroblastic  ova  will  best  be  u 
by  taking  an  uvum  with  aa  unequal  segmentation,  such  as  thsrtr 
of  the  frog,  and  considering  what  would  take  place  in  accordance 
with  the  laws  alreadj  laid  down,  SHpposing  the  amount  of  food- 
yolk  at  the  vitelline  pole  to  be  enorioously  increased.  What  would 
happen  niay  be  conveniently  illiistruted  by  6g.  4+,  representing 
the  segmentation  of  a  fowl's  egg.  There  would  first  obviously  appear  a 
vertical  furrow  at  ttie  formative  or  protoplasmic  pole.  (Fig.  44  A,  H) 
This  would  gradually  advance  round  the  ovum  and  commence  to 
divide  it  into  two  halves.  Before  the  furrow  h»d  however  proceeded 
very  far  it  would  come  to  the  vitelline  part  of  the  ovum ;  here, 
according  to  the  law  previously  enunciated,  it  would  travel  very 
slowly,  and  if  the  amount  of  the  food-yoik  was  practically  infinite 
as  compared  wiUi  the  protoplasm,  it  would  absolutely  cease  to  advance. 
A  second  vertical  furrow  would  soon  be  fonned,  crossing  the  firsit 
at  right  angles,  and  like  it  not  advancing  beyond  the  edge  of  the 
germinal  disc.     (Fig.  44  B.) 

The  next  furrow  should  be  an  equatorial  one  (as  a  matter 
of  fact  in  the  fowl's  ovum  an  equatorial  furrow  is  not  formed  till 
after  two  more  vertical  furrows  have  appeared).  The  equatorial 
furrow  would  however,  in  accordance  with  the  analogy  of  tne  frog, 
iw(  he  formed  at  the  equator,  but  very  close  to  the  forrnative  pole. 
It  would  therefore  separate  off  as  a  distinct  segment  (fig.  44  C,  c), 
a  small  central,  i.e.  polar,  portion  of  each  of  the  Imperfect  segments 
formed  by  the  previous 
vertical  furrows.  By  a 
continuation  of  the  pro- 
cess of  segmentation,  with 
the  same  alternation  of 
vertical  and  equatorial 
furrows  as  in  the  frog,  a 
cap  or  disc  of  small  seg- 
ments would  obviously  be 
formed  at  the  proto- 
plasmic pole  of  the  ovum, 
outside  which  would  be  a 
number  of  deep  radiating 
grooves  (fig.  45),  formed 
by  the  vertical  furrows, 
the  advance  of  which 
round  the  ovum  has  come 
to  an  end  owing  to  the 
too  great  proportion  of 
yolk  spheres  at  the  vitel- 
line pole. 

It  is  clear  from  the 
above  that  an  immense  accumulation  of  food-yolk  at  the  vitelline  pole 
necessarily  causes  a  partial  segmentation.    It  is  equally  clear  that  tl)e 


.  Bm*U  oeDtral  segineDtation  Bpheres;  b.  Iftreer 
Bcgmects  Qutaide  tbose;  a.  UrgQ,  iiuperiectlf  cir* 
cumBcrilied,  majginal  segmentB;  t.  margin  of  ger- 
aioBl  disc. 
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part  of  meroblastic  ova  which  does  not  undergo  segmentation  is  not 
a  new  addition  absent  in  otlier  cases.  It  is  on  the  contrary  to  be 
regarded  merely  as  a  part  of  the  ovum  in  which  the  yolk  spherules 
have  attained  to  a  very  great  bulk  as  compared  with  the  protoplasm ; 
sometimes  even  to  the  complete  exclusion  of  the  protoplasm. 

An  ordinary  meroblastic  ovum  consists  then  of  a  small  disc  at 
the  formative  pole,  known  as  the  germinal  disc,  composed  mainly 
of  protoplasm  in  which  comparatively  little  food-yolk  is  present. 
This  graduates  into  the  remainder  of  the  ovum,  being  separated 
from  it  by  a  more  or  less  sharp  line.  This  remainder  of  the  ovum, 
which  almost  always  forms  the  major  part,  usually  consists  of 
numerous  yolk  spherules,  embedded  in  a  very  scanty  proto[)lasmic 
matrix. 

In  aoiiie  cas(*8,  0.  g.  the  eggs  of  £la3inobranchii  \  the  protoplasm  is 
present  in  the  form  of  a  delicate  network ;  in  other  and  perhapn  the 
majority  of  cases,  too  little  protoplasm  is  ]>resent  to  be  detected,  or  the 
protoplasm  may  even  be  completely  absent.  In  some  Osseous  Fishes, 
0.  g.  Lote^  the  yolk  forms  a  homogeneous  transparent  albuminoid  substance 
containing  a  large  globule  at  the  |K)le  furthest  removed  from  the  germinal 
disc.  In  this  case  the  germinal  diac  is  sharply  separated  from  the  yolk. 
In  other  Otiseous  Fi«(h«rs  the  separation  between  the  two  partu  is  not  so  sharp*. 
In  these  cases  we  iiud  adjoining  the  germinal  disc  a  finely  granular 
material  containing  a  large  proportion  of  protoplasm ;  this  graduates  into 
a  material  with  very  little  protoplasm  and  numerous  yolk  spherules,  which 
is  in  its  turn  continuous  with  an  homogeneous  albuminoid  yolk  8u1>stance. 
In  Elasmobranchii  we  iind  that  immediately  beneath  the  germinal 
disc  there  is  prescait  a  finely  granular  matter,  rich  in  pix>toplasm,  which  itt 
continuous  with  tlie  nomiul  yolk. 

The  ElaMniobrancli  ovum  may  conveniently  sei*\'e  as  ty|)e  for  tlie 
Yertebrata.  The  ovum  is  formed  of  a  spherical  vitellus  without  any  in- 
venting membrane.  The  germinal  disc  is  recognizable  on  this  as  a  small 
yellow  h])ot  alx>ut  H  millimetrifs  in  diameter.  In  the  germmal  disc  a 
furrow  ap|>ears  bisecting  the  disc,  followed  by  a  second  furrow  at  right 
anglcH  to  the  tirst.  Thus  after  the  formation  of  the  second  furrow  the 
disc  is  divided  into  four  equal  ai*eas.  Fresh  furrows  continue  to  rise,  and 
eventually  a  circular  furrow,  etjuivalent  to  the  equatorial  furrow  of  the 
frog's  ovum,  makes  its  ap|)earance,  and  sc|uiratcs  oif  a  number  of  smaller 
centml  m^^ments  from  jieripheral  larger  segments.  In  the  later  stages 
the  smaller  s<*gm«>nts  at  first  divide  moi*e  ra]»idly  tlian  the  larger,  but 
nventmilly  the  latter  also  divide  rapidly,  and  the  germinal  disc  becomes 
tinally  forme<l  of  a  series  of  H<*gments  of  a  fairly  uniform  size.  80  much 
may  lie  observed  in  suiijocfj  views  of  the  segnxniting  ovum,  and  it  may  be 
noted  that  thei-e  is  not  much  difference  to  be  olwervi^d  lietween  the  seg- 
m€*ntation  of  the  germinal  disc  of  the  Fowl's  ovum  and  that  of  the  Klasmo- 
brauehii.  Indeed  the  figure  of  the  former  (H^r.  41)  would  servo  fairly  well 
fur  the  latter.     When  however  we  examine  the  segmenting  germinal  discs  by 

*  I'itU  SchuUxu,  Archirf.  mitr,  Anat.  Vol.  xi.;  and  F.  M.  haXfoui,  Monof;raph  on  the 
DfvelofjiHfHt  of  F.htmmihrafich  Fi*hf«. 

*  Vidi'  Klfiii,  i^nnrt.  Journal  of  Mirr.  .SViVnr^,  April,  187J).     Baiubeke,  Mvm.  Cour, 
AeaJ.  JMffiquf,  1S75.     Hin,  Zeit.fi'ir  Aimt.  u.  Kntvcickhtmj.  Vol.  1. 
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meaiis  of  Hectiuiui,  there  are  sooie  (liffBrBcices  between  the  twu  ti^i^w,  unci 
aeverd  intereeting  features  wliich  deserve  to  be  noticed  ui  tlie  segmeatatioii 
of  the  Elasmobrnnchii.  In  the  firat  stages  the  furrowa  visible  on  the  Hurface 
are  merely  furrows,  which  do  not  meet  bo  as  to  inolate  distinct  segments;  they 
merely,  iu  fact,  form  a  surface  pattern.  It  is  uot  till  after  the  appearance 
of  the  equatorial  furrow  that  the  segmentsi  begia  to  be  rfistinctly  isolated. 
Iq  the  subsequent  stages  not  only  do  the  segmeDts  already  exiating  iu  the 
germinal  diiic  increase  by  division,  but  fresh  segments  are  cxiiitiuiially 
being  formed  from  the  mljacent  jolk,  atid  added  to  those  already  present 
in   the   germinal   disc.    (Fig.  46.)    This    fact  ia  one   out  of  many  which 


jirove  that  the  germinnl  disc  is  merely  part  of  the  ovum  characterized 
by  the  pi-esence  of  more  protoplaarn  than  the  leniaiuder  which  forma 
the  so-called  food  yolk.  During  the  latest  stages  of  segmentatioa  there 
api>ear  iu  the  yolk  around  tJie  blastoderm  a  nuuiber  of  nuclei.  (Fig-  4li, 
nx'.)  These  are  connected  with  a  special  protoplaamic  network  (already 
described)  which  penetrates  through  the  yolk.  Towaixls  the  end  of  segmen- 
tation, and  during  the  early  periods  of  development  wliich  succeed  the 
segmentation,  these  nuclei  become  very  numerous.  (Fig.  47  A,  m'.) 
Around  many  of  ibem  a  protoplasmic  investment  is  esiMblished,  and 
cells  sre  thus  formed  which  eventually  enter  the  btastoderm. 

The  reenlt  of  segmentation  is  the  formation  of  a  leus-shaped  miiss 
of  cells  lying  in  a  depression  on  the  yolk.  In  this  a  cavity  apjiears,  thn 
homologue  of  the  segmentation  cavity  already  spoken  of.  It  lies  at  first  in 
th«  luidat  of  the  cells  of  the  blastoderm,  but  very  soon  its  Soor  of  cells 
vanishes,  aud  it  lies  between  the  yolk  and  the  blastodeiin.  (b'ig.  47  A.)  Its 
Hubsequent  history  is  given  in  a  future  Chapter. 

S«^mentiiliou  jiroceeds  in  Osseous  Fishes  in  nearly  the  same  manner  as  in 
Eloamobrancbii.  In  some  cases  the  germinal  disc  is  small  as  compai-ed  with 
the  yolk,  in  other  cases  it  is  almost  as  large  as  the  yolk.  The  only  points 
which  deserve  s{>ecial  notice  are  the  following :  ( 1)  Nuclei,  precisely  similar  to 
those  in  the  Elaarnobranch  yolk,  a|>j>cdr  in  the  pi-utopl&smic  matter  around 
the  germinal  disc;  (2)  After  the  dD|ioiiitiou  of  the  ova  there  is  pi'esent  in  hoiuk 
lorus  B  network  of  protoplnsm  extending  fi-om  the  gt'rrainiil  disc  through 
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the  yolk'.     At  impregnation  thin  wiUidrawg  itwlf  from  the  yolk.     It  i 
be  comiMired  to  the  jtrotoplaRinic  network  of  tho  ElaAtnobranch  ovnm. 


There  are  two  types  of  meroblastic  ova.  Id  one  of  these  (Aves, 
Elasinohrancliii)  tlie  germinal  iHhc  is  formed  in  the  ovnrian  ovum. 
In  tlio  second  type  tne  germinal  disc  is  formed  after  impregnation 
by  a  coneciitmtion  of  the  protoplasm  at  one  pole.  This  concentration 
18  analogous  to  what  has  already  been  described  for  Anodon  and 
other  Molliiscnn  ova  (p.  83). 

The  ova  of  some  Teleostei  are  intermediate  between  the  two  types. 
The  ovum  of  the  wood-IouMe,  OnixcuR  miirariua'  may  l>e  taken  as  an 
«xam]ile  of  the  «f  cond  tyi>e  of  meroblastic  ovum.  In  tliid  egg  development 
Dommencrs  liy  the  apiwarence  of  a  sumll  clear  mofls  with  iunnemti!i 
transparent  veaiclps.  This  maM  is  the  protoplasm  which  hau  become 
separated  from  tho  yollc.  It  undergoes  seftmentiition  in  a  perfectly 
nnniial  fashion.  Examples  of  other  cases  of  this  kind  Imvebeen  dencrilx^by 
Vitn  B«>ne<h<n  and  Besaels*  in  Anchorella,  and  in  Hessin  by  Van  Beneden*. 
It  nppearH  from  their  researches  that  the  protoplasm  collects  itself  together, 
first  of  all  in  the  interior  of  the  egg,  and  then  travels  to  the  surface.  It 
arrives  at  the  surface  after  having  already  divided  into  two  or  more 
Mgments,  which  then  rapidly  divide  in  the  usual  manner  to  form  the 
blastoderm. 

There  an;  some  grounds  for  thinking  that  the  cases  of  partial  segmen- 
tstiun  in  the  Artbrujioda  are  not  really  quite  comjiarable  with  those  in 
other  grouiw,  but  more  probsbly  fall  under  the  next  ty]>e  of  segmentation 
to  be  described.  The  grounds  for  this  view  are  mentioned  in  connection 
with  the  next  ty]>e. 

In  most  if  not  all  meroblastic  ova  there  appear  during  and  after 
segmetitation  a  miniber  of  nuclei  in  the  yolk  adjoining  tlie  blasto- 
derm, around  whii-h  cells  become  diFTerentiated.  (Fig.  4C  and  47.) 
These  oella  join  the  port  of  the  blastoderm  formed  by  the  normal 

'   ruit  ItBUihckp.  W.  rit. 

-    ViAf  Bobretzkv,  ZriUehrift  far  irim.  Xoolngir.  Vol.  IXK.,  1B74. 

'  Lw.  eii.  <  IlitlffUiu  ,lr  lArait.  nAniiut,  Turn.  xii».,  1870. 
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segmentation  of  the  germinal  disc.  Such  nuclei  are  formed  in  all 
craniate  meroblastic  ova*.  In  Cephalopods  they  have  been  found  by 
Lankester,  and  in  Oniscus  by  Bobretzky.  They  have  been  by  some 
authors  supposed  to  originate  from  the  nuclei  of  the  blastoderm,  and 
by  others  spontaneously  in  the  yolk. 

Some  of  the  earliest  observations  on  these  nuclei  were  made  by  Lankes- 
ter' in  the  Cephalopods.  He  found  that  they  appeared  first  in  a  riug- 
like  series  round  the  edge  of  the  blastoderm,  and  subsequently  all  over  the 
yolk  in  a  layer  a  little  below  the  surface.  He  observed  their  develop- 
ment in  the  tiving  ovum  and  found  that  they '' commenced  as  minute  pointM, 
gradually  increasing  in  size  like  other  free-formed  nuclei.''  A  cell  area 
subsequently  forms  around  them. 

By  E.  van  Beneden"  they  were  observed  in  a  Teleostean  ovum  to 
appear  nearly  simultaneously  in  considerable  numbers  in  the  granular 
matter  beneath  the  blastoderm.  Van  Beneden  concludes  from  the  simul- 
taneous appearance  of  these  bodies  that  they  develope  autogenously. 
Kupffer  at  an  earlier  period  ariived  at  a  simUar  conclusion.  My  own 
observations  on  these  nuclei  in  Elasmobranchii  on  the  whole  support  the 
conclusions  to  be  derived  from  Larikester's,  Kupffer's  and  Van  Benedeu's 
observations.  As  mentioned  above,  the  nuclei  in  Elasmobranchii  do  not 
appear  simultaneously,  but  increase  in  number  as  development  proceeds ; 
and  it  is  possible  that  Van  Beneden  may  be  mistaken  on  this  point.  No 
evidence  came  before  me  of  derivation  from  pre-existing  nuclei  in  the 
blastoderm.  My  obsci'vations  prove  however  that  the  nuclei  iucrease  by 
division.  This  is  shewn  by  the  fact  that  I  have  found  them  with  the 
spindle  modification  (fig.  46,  nx^^  and  that  in  most  cases  they  usually  exhibit 
the  form  of  a  number  of  aggregated  vesicles^,  which  is  a  character  of 
nuclei  which  have  just  undergone  division.  It  should  be  mentioned 
however  that  I  failed  to  find  a  spindle  modification  of  the  nuclei  in  the 
later  stages.  Against  these  observations  miist  be  set  those  of  Bobretzky, 
according  to  which  the  nuclei  in  Oniscus  are  really  the  nuclei  of  cells  which 
have  migrated  from  the  blastoderm.  Bobretzky's  observations  do  not 
however  appear  to  be  very  conclusive. 

It  must  be  admitted  that  the  general  evidence  at  our  command 
appears  to  indicate  that  the  nuclei  of  the  yolk  in  meroblastic  ova 
originate  sponiaiieously.  There  is  however  a  difficulty  in  accepting 
this  conclusion  in  the  fact  that  all  the  other  nuclei  of  the  embryo  are 
descendants  of  the  first  segmentation  nucleus;  and  for  this  reason 
it  still  appears  to  me  possible  that  the  nuclei  of  the  yolk  will  be 
found  to  originate  from  the  continued  division  of  one  primitive 
nucleus,  itself  derived  from  the  segmentation  nucleus. 

The  existence  of  these  nuclei  in  the  yolk  and  the  formation  of 
a  distinct  cell  body  around  them  is  a  strong  piece  of  evidence  in 
favour    of   the   view   above   maintained,  (which   is  not  universally 

^  Though  less  obvioas  in  the  ovum  of  the  fowl  than  in  that  of  some  other  types, 
they  may  nevertheless  be  demonstrated  there  without  very  much  difficulty. 

'  Quart.  Joum,  of  Micr,  Science,  Vol.  xv.  pp.  39,  40. 

'  Quart.  Journ.  of  Micr.  Science,  Vol.  xviii.  p.  41. 

*  At  the  time  when  my  observations  on  Elasmobranchii  were  carried  out,  this  peouliar 
condition  of  the  nucleus  had  not  been  elucidated. 
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accepted,)  that  the  part  of  the  ovum  of  meroblastic  ova  which 
does  Dot  segment  is  of  the  same  nature  as  that  which  does  segment, 
and  differs  only  in  being  relatively  deficient  in  active  protoplasm. 

The  following  forms  have  meroblastic  ova  of  the  finst  type :  the  Cephalo- 
(Mxla,  Pyroaoma,  Elasmobranchii,  Teleostei,  Reptilia,  Aves,  OiTiithodel- 
phia(?)  The  second  type  of  meroblastic  segmentHtion  occurs  in  many 
Crustacea,  (parasitic  Copepoda,  Isopoda  Myau^  etc.).  It  is  also  stated  to  be 
found  in  Scorpio. 

The  ova  of  the  majority  of  groups  in  the  animal  kingdom  segment 
according  to  one  of  the  types  which  have  just  been  described.  These 
types  are  not  sharply  separated,  but  fonu  an  unbroken  series, 
commencing  with  the  ovum  which  segments  uniformly,  and  ending 
with  the  meroblastic  ovum. 

It  is  convenient  to  distinguish  the  ova  which  segment  uniformly 
by  some  term;  and  I  should  propose  for  this  the  term  alecithal\ 
as  implying  that  they  are  without  food-yolk,  or  that  what  little 
food-yolk  there  is,  is  distributed  uniformly. 

The  ova  in  which  the  yolk  is  especially  concentrated  at  one 
pole  I  should  propose  to  call  telolecithal.  They  constitute  together 
a  group  with  an  unequal  or  partial  segmentation. 

The  telolecithal  ova  may  be  defined  in  the  following  way :  ova 
in  which  the  fo<xl-yolk  is  not  distributed  uniformly,  but  is  concen- 
trated at  one  pole  of  the  ovum.  Wlien  only  a  moderate  quantity 
of  food-yolk  is  present  the  pole  at  which  it  is  concentrated  merely 
segments  more  slowly  than  the  opposite  pole ;  but  when  food-yolk 
is  present  in  very  large  quantity  the  part  of  the  ovum  in  which 
it  IS  located  is  incapable  of  segmentation,  and  forms  a  s})ecial 
appendage  known  as  the  yolk-sack. 

There  is  a  third  group  of  ova  including  a  series  of  types  of  seg- 
mentation nearly  parallel  to  the  telolecithal  group.  This  group  takes 
its  start  from  the  alecitluU  ovum  as  do  the  telolecithal  ova,  and 
equally  with  these  includes  a  series  of  varieties  of  segmentation 
running  parallel  to  the  regular  and  une(}ual  types  of  segmentation 
which  directly  result  from  the  presence  of  a  greater  or  smaller 
quantity  of  food-yolk.  The  food-yolk  is  however  place<l,  not  at 
one  pole,  but  at  tlie  centre  of  tfie  ouiuti.  This  group  of  ova  I  propose 
to  name  cen  tro lee i thai.  It  is  especially  characteristic  of  the  Arthro- 
poda,  if  not  entirely  confined  to  that  group. 

Centrolecithal  ova.  As  might  be  anticipated  on  the  analogy  of 
the  types  of  segmentation  already  described,  the  concentration  of 
the  food-yolk  at  the  centre  of  the  ovum  does  not  always  take  place 
before  segmentation,  but  is  sometimes  deferred  till  even  the  later 
stages  of  this  process. 

Kxamples  of  a  regular  segmentation  in  centrolecithal  ova  are 
affonled   oy  PalaMuon  (Bobretzky)   and   Peneus  (Hajckel).     A   type 

1  For  thifl  term  as  well  aH  for  the  terms  telolecithal  aud  centrolecithal  1  am  iudebicd 
to  Mr  Lttiikcfttcr. 
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fd  unequal  Begmentation  like  that  of  the  Frog  occuni  iu  Gammarua 
locuata  (Beneden  and  Beasels),  where  however  the  formatioii  of  a 
central  yolk  mass  does  not  appear  to  take  place  till  rather  late 
in  the  segmentation.  More  irregular  examples  of  unequal  segmen- 
tation are  also  a£Foided  by  other  Crustaeeans,  e.g.  various  members  of 
the  genus  Chondracanihtia  (Beneden  and  Beaaels)  and  by  Myriapods, 
In  all  these  cases  segmentation  ends  in  the  formation  of  a  layer 
of  cells  enclosing  a  central  mass  of  food-yolk. 

The  peculiarity  of  the  centrolecithal  ova  with  regular  or  unequal 
segmentation  is  that  (owing  to  the  presence  of  the  yolk  in  the 
interior)  the  furrows  which  appear  on  the  surface  are  not  continued 
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(After  Haeokel.) 
whkb  the  yolk  U  aggregated  tt 


B  illiutratd  the  (Tpe  of  segoieiitation  ii 
the  centre  ot  the  otoiu. 

yk  central  jolk  maae. 

1   and  2.     Bnrfaoe  view   and   Bection  of  the   at&ge    vith  fonr  aegmenta.    In  't 
it  ia  seen  th»t  the  forrowe  Tiaible  on  the  surface  do  nut  penetrate  to  the  centre  of  the 

a  the  end  of  segmeutation.    The 

to  the  centre  of  the  egg.  The  spheres  which  are  thus  distinct  on 
the  surface  are  really  united  internally.  Fig,  48,  copied  from  Haeckel, 
shews  this  in  a  diagrammatic  way. 

Many  ova,  which  in  the  later  atages  of  segnieutatioa  exhibit  the 
characteristics  of  true  centrolecithal  ova,  in  the  early  stages  actually 
pass  through  nearly  the  same  phases  as  lioloblastic  ova.  Thus  in 
Eupaguriis  prideauj^ii^  (fig,  4!)),  and  probably'  in  the  majority 
of  Decapods,  the  egg  is  divided  successively  into  two,  four  and  eight 
distinct  segments,  and  it  is  not  till  after  the  fourth  phase  of  the 
'  Uuf cr,  Jeimitclm  ZritKhrift,  Vol.  xi. 


!>2  VKNTROLECITHAL  SEGMENTATION. 

Begnientatiou   that   the   spherea   fuse   in   the    centre    of    the    egg. 
Such  ova  belong  tu  s  tj-pe  which  is  really  intermediate  between  the 
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(After  P.  Majer.) 


ordinary  type  of  segmentation  and  that  with  a  central  yolk  masg. 
Kupsgunis  presents  one  striking  peculiarity,  viz.  that  the  nucleus 
divides  into  two,  four  and  eiglit  nuclei,  each  surrounded  by  a  delicate 
layer  of  protoplasm  prolonged  into  a  reticulum,  before  the  ovum 
itself  commences  to  become  segmented.  The  ovum  before  segmen- 
tation is  therefore  in  the  condilion  of  a  syncytium. 

The  spf^mentntion  of  AB(>tliu  aqiisticua'  is  very  siinilar  to  that  of 
Eupugurus,  eU-.  but  tlie  oruni  at  the  very  fint  divides  into  as  niauy 
M'gments  (vix.  eight)  as  tliere  aro  nuclei. 

Ih  Gummnrus  Icwuata  the  rciiemblanco  to  ordinarj  unc<]ual  segraen- 
tAtion  is  vorj'  striking,  and  it  is  not  till  a.  considerable  number  of  segtueutA 
tiAVe  been  foniiod  that  a  central  yolk  ninss  njipears. 

In  all  the  above  types,  as  segmentation  proceeds,  the  protoplasm 
becomes  more  and  more  concentrated  at  the  surface,  aiia  finally  a 
superficial  layer  of  Hat  blastoderm  cells  is  completely  segmented 
off  from  the  yolk  below  (fig.  ¥i  D). 

In  cases  like  those  of  Fcneus,  Eupagurus,  etc.,  the  yolk  in  the 
interior  is  at  first  nearly  homogeneous,  but  at  a  later  period  it 
generally  becomes  divided  up  partially  or  completely  into  a  number  of 
distinct  spheres,  which  may  have  nuclei  and  therefore  have  the 
value  of  cells.  In  many  cases  nuclei  have  however  not  been 
demonstrated    in    thcNO    yolk    spheres,   though    proltably    present; 

I,  No.  7, 186ft, 
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yet,  till  they  have  been  demonstrated,  some  doubt  must  remain 
on  the  nature  of  these  yolk  spheres.  It  is  probable  that  not 
all  the  nuclei  which  result  from  the  division  of  the  first  segmen- 
tation nucleus  become  concerned  in  the  formation  of  the  super- 
ficial blastodemi,  but  that  some  remain  in  the  interior  of  the 
ovum  to  become  the  nuclei  of  the  yolk  spheres. 

In  Mffriapoda  {CkUognatha)  a  peculiar  form  of  segmentation  has  been 
observed  by  Metttchnikotf '.  Thtt  ovum  commences  by  inidergoing  a  perfectly 
normal,  though  rather  irregular  total  segmentation.  But  alter  the  process 
of  division  lias  reached  a  certain  point,  scattered  masses  of  very  small  cells 
make  their  appearance  on  the  surface  of  the  large  spherea  These  small 
cells  liave  probably  arisi'D  in  a  manner  analogous  to  that  which  character- 
izes the  formation  of  the  superficial  celLi  of  the  blaatoderm  in  the  typpa  of 
eentrolecithal  ova  already  described.  They  rapidly  increase  in  number  and 
eventually  form  a  continuous  blaatodenn  ;  while  the  original  large  segments 
remain  in  the  centre  aa  the  yolk  masa  In  the  iuteresting  Arachnid 
Chdifer  segmentation  takes  place  in  neaiiy  the  same  manner  as  in 
Myriapods  (Gg.  50). 


FlO.  50.      SEaMENTlTtOH  AND  rOBVATION  OF  TBE  BUSTODEBV  IN   CmUnB. 

(Alter  MetBchnikofl.) 
Id  a  the  orom  U  divided  into  a  number  of  separate  eegmenta.    In  B  a  nnmbci  of 
■mull  mUh  haTe  appeared  (bl)  vhich  form  a  blastoderm  enveloinng  the  large  yolk 
sphersa.    In  C  the  bUslodenn  lias  become  divided  into  two  la;en. 

It  is  clear  that  it  is  not  possible  in  eentrolecithal  ova  to  have  any 
type  of  segmentation  exactly  comparable  with  that  of  meroblastic 
ova.     There   are   however  some   types  which  fill  the  place   of  the 

'  Z'itifhri/t  far  Kiu.  Znnf. ,  Vol.  iwv.  1R74. 
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meroblnstic  ova  in  the  present  gn>up,  in  as  mvcli  as  they  are 
cbaracUriaed  bif  the  presence  of  a  targe  bulk  of  food-yolk  which  eitAff 
does  not  segment,  or  does  not  do  so  till  a  very  hte  stage  in  tk« 
development.  The  essential  cbanicter  of  this  type  of  se^entation 
consists  in  the  division  of  the  gernoinal  vesicle  in  the  interior,  or 
at  the  stirfiipe  of  the  oviim  into  two,  four,  etc.  nuclei  {fig.  51).  Tbeae 
nuclei  are  each  of  them  surrounderl  by  a  specially  concentrated  layer 
of  protoplasm  (fig.  51)  which  is  continuous  with  a  general  protoplasmic 


Via.  31.    Fotrn 


TEiuiitrR.    (After  CI>pBrMi>.) 


T  Tf.tr^n 


reticulum  passing  through  the  ovum  [not  shewn  in  fig.  51].  The  yolk 
is  contained  in  Ine  meshes  of  thi^i  reticulum  in  the  manner  already 
ileacribed  for  other  ova. 

The  OTum,  like  that  of  Knjtagurus  hefore  segmentation,  is  now  a 
syncytium.  Eventually  the  nuclei,  having  increased  by  division  and 
liecome  very  numerous,  travel,  unless  previously  sitTiatc<l  there,  to  the 
stir&ce  of  the  ovum.  They  then  either  simultaneously  or  in  succession 
become,  together  with  protopIa.>im  arounci  them,  segmented  off  from 
the  yolk,  and  give  rise  Ut  a  peripheral  blastoderm  enclosing  a  central 
yolk  mass.  In  the  latter  however  many  of  the  nuclei  usually 
remain,  an<l  it  also  very  often  undergoes  a  secondary  segmentation  into 
a  iiiinibcr  of  yolk  spheres. 

The  eggs  of  Insects  afford  numerous  examples  of  this  mode  of 
segmentatiun,  of  which  the  egg  of  Portbe^ia  may  be  taken  as 
type.  After  impregnation  it  consist*  of  a  central  mass  of  yolk  which 
passes  with'Hit  a  sharp  line  of  demarcation  int.o  a  peripheral  laver  of 
more  transparent  (protoplasmic)  material.  In  the  earliest  stag'> 
obnerved  by  Bobretzky  there  were  two  bo<lies  in  the  interior  of  the  egg, 
'  Bnbrrtxkr.  X'<t.  f.  tri".  Xonl..  Bd.  iiw.,  IS7S. 
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each  coDsistiog  of  a  nucleus  enclosed  in  a  thin  protoplaamic  layer  with 
stellate  prolongationa  This  stage  correaponds  with  the  division  into 
two,  but  though  the  nucleus  divides,  the  preponderating  amount  of 
jolk  prevents  the  egg  from  segmenting  at  the  same  time.  By  k 
continuous  division  of  the  nuclei  there  becomes  scattered  through  the 
interior  of  the  ovum  a  series  of  bodies,  each  formed  of  nucleus  and 
a  thin  layer  of  protoplasm  with  reticulate  processes.  After  a  certain 
stage  some  of  these  bodies  pass  to  the  surface,  simultaneously  (in 
Porthesia)  or  in  some  cases  successively.  At  the  surface  the  proto- 
plasm round  each  nucleus  contracts  itself  into  a  rounded  cell  body, 
distinctly  cut  off  from  the  adjacent  yolk. 

The  cells  so  formed  give  rise  to  a  superficial  blastoderm  of  aeingle 
layer  of  cells.  Atony  of  the  nucleated  bodies  remain  in  the  yolk,  and 
after  a  certain  time,  which  varies  in  different  forms,  the  yolk  becomes 
segmented  up  into  a  number  of  rounded  or  polygonal  bodies,  in  the 
interior  of  each  of  which  one  of  the  above  nuclei  with  its  protoplasm 
is  present  This  process,  known  as  the  secondary  segmentation  of  the 
yolk,  is  really  part  of  the  true  segmentation,  and  the  bodies  to  which 
it  gives  rise  are  true  cells. 

Other  examples  of  this  type  may  be  cited.  In  Aphis '  Metschnikoif 
shewed  that  the  first  segmenttttion  nucleus  divides  into  two,  each  of  which 
takes  np  a  pomtjon  in  the  clearer  peripliet«l  protoplasmic  layer  of  the  egg 
(fig,  52,  1  and  2).  Following  upon  further  division  the  nuclei  enveloped  in 
a  continuooH  layer  of  protoplasm  arrange  themselves  in  a  regular  manner, 
and  form  a  syncytium,  which  becomes  segmented  into  definite  cells 
(fig.  52,  3  and  4).  The  existence  of  a  special  clear  superficial  layer  of  pro- 
toplasm has  been  questioned  by  Brandt, 


Fio.  32.     BBOVBKTAnoN  o: 

In  ftll  the  stagtw  there  in  seer 
protoplaBm. 

In  this  protoplasm  t^o  nuclei  haTe  appeared  in  1,  four  nnelei  in  9.  In  3  the  nndel 
hsTB  uTsnged  themfielveB  refcnlarlj,  and  in  4  the  protoploEm  hsa  be<H>nie  divided  into 
B  nomber  at  colnmnu  cells  corresponding  to  the  nnclei. 

u.  pole  ot  the  blastoderm  vtiich  lias  no  share  in  foiming  the  embryo. 

In  Telmnyehus  fefan'MS,  one  of  the  mites,  Clapai'ide  found  on  the  surface 
of  the  ovnm  a  nucleus  surrounded  by  granular  protoplasm  (tig.  51) ;  which 
is  no  doubt  the  first  segmentation  nucleus.     By  a  series  of  divisions,  all 
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oD  the  surface,  »  layer  of  celU  becomes  formed  round  a  ceatnl  yolk  mniui. 
The  result  here  k  Uie  same  as  in  Inaecbi,  but  the  nucleus  with  its  granular 
protoplasm  is  from  the  first  superficial.  In  other  cases,  auch  as  that 
of  the  commoQ  fly ',  a  layer  of  protoplasm  is  stated  to  appear  investing  tlie 
yolk ;  and  in  this  thero  &rif«  simultencously  (1)  a  number  of  nuclei  at 
regular  intervals,  around  each  of  which  the  pratoplaitu  sejuirates  itself  to 
form  a,  distinct  cell.  Closely  allied  is  the  type  observed  by  Kowalevsky 
ia  Apis.  Development  here  commeuces  by  the  appearance  of  a  number  of 
protoplasmic  prominences,  each  forming  a  cell  provided  with  a  uucleua, 
the  nuclei  haviug  no  doubt  lioeu  formed  by  previous  division  in  tlie  interior  of 
the  ovum.  Thny  ap]>car  at  the  edge  of  the  yolk,  and  are  sepai-ated  from  one 
another  by  short  intervals.  Shortly  after  their  appeanmce  a  second  bateh  of 
aiinilar  bodies  appears,  filling  up  tbe  intemjmoee  between  the  first-formed 
prominenoea.  In  the  fresh-water  Gamm&rua  fluviatilis  the  protoplasm  is 
Bt«ted  first  of  all  to  collect  at  the  centro  of  the  ovum,  where  no  doubt  tlie 
segmentation  nucleus  divides.     Subsequently    cells   appear  at   numeroua 

Eoints  on  the  surface,  and  by  repteated  division  constitute  an  uniform 
lastoderm  investing  ihb  central  yolk  mass.  This  mode  of  formation  of 
the  blaatotlerm  is  closely  allied  to  that  observed  by  Kowalevsky  in  Apis. 

Between  ova  with  a  segmentatiou  like  that  of  Insects,  ami  those 
with  a  segmentation  like  that  of  Peiieus,  there  is  more  llian  one 
iut«nne<liate  form.  The  Eupo^i^nis  type,  with  the  division  of  the  firftt 
nucleus  into  eight  nuclei  before  the  (liviuon  of  the  ovum,  must  be 


regarded  in  this  light;  but  the  most  instructive  example  of  such  a 
truusitioiml  type  of  segmfiitation  is  that  atTorded  by  Spiders', 

The  first  jpheuomenon  which  can  be  observed  after  impregnation 
is  the  conglomeration  of  the  yolk  splieres  into  cylindrical  columns, 

'   Vidi    WeiBUuim.  Knlirieklung    d.    Diptrrm ;   and   AnerbHch,    OriiaiwUiiiitclif 
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which  finally  assume  a  radiating  form  diverging  from  the  centre  of 
the  egg.  In  the  centre  of  the  radiate  figure  is  a  protoplasmic  mass, 
prohably  containing  a  nucleus,  which  sends  out  protoplasmic  filaments 
through  the  columns  (fig.  53  A).  After  a  certain  period  of  repose 
the  figure  becomes  divided  into  two  rosette-like  masses,  which  remain 
united  for  some  time  by  a  protoplasmic  thread :  this  thread  is 
finally  ruptured  (fig.  63  B).  The  whole  ^g  does  not  in  this  process 
divide  into  two  segments,  hut  merely  the  radiate  figure,  which  is 
enclosed  in  a  finely  granular  material.  The  two  rosettes  next  become 
simultaneouslji  divided,  giving  rise  to  four  rosettes  (fig.  53  C) :  and  the 
whole  process  is  repeated  with  the  same  rhythm  as  in  a  regular  s^- 
mentation  till  there  are  formed  thirty-two  rosettes  in  all  (fig.  54  A). 
The  rosettes  by  this  time  have  become  simple  columns,  which  by  mutual 
pressure  arrange  themselves  radiately  around  the  centre  of  the  egg, 
which  however  they  do  not  quite  reach. 

When  only  two  rosettes  are  present  the  protoplasm  with  its 
nucleus  occupies  a  central  position  in  each  rosette,  but  gradually,  in 
the  course  of  the  subsequent  subdivisions,  it  travels  towards  the 
periphery,  and  finally  occupies,  when  the  stt^e  with  thirty-two 
rosettes  is  reached,  a  peripheral  position.    The  peripheral  protoplasm 


Fia.  54.    BosruB  vibw  k. 

a*  Philodbohcs  uhbiitds  (EooL).     (Aller  Hub.  Ladwig.) 
bi  blutoderm;  yk  yolk  splieTM. 

next  becomes  separated  off  as  a  nucleated  layer  (fig.  54  B).  It  forms 
the  proper  blastoderm,  and  in  it  the  nuclei  rapidly  multiply  and  finally 
around  each  an  hexagonal  or  polygonal  area  of  protoplasm  is  marked 
off ;  and  a  blastoderm,  formed  of  a  single  layer  of  flattened  cells,  is  thus 
constituted.  The  columns  within  the  blastoderm  now  form  (fig.  54  B) 
more  or  less  distinct  masses,  which  are  stated  by  Ludwig  to  be  with- 
out protoplasm. 

From  observations  of  my  ovm  I  &m  incliued  to  differ  from  Ludwig  as  to 
tbe  nature  of  the  parts  within  the  blastoderm.  My  observatioiiB  have 
been  made  on  Agekrut  lahyrint/iica  and  commence  at  the  close  of  the  seg- 
mentation. At  this  time  I  find  a  Biiperficial  layer  of  flattened  cells,  and 
within  these  a  number  of  large  polyhedml  yolk  cells.  In  many,  and  I 
believe  all,  of  the  yolk  cells  there  is  a  nucleus  surrounded  by  protoplasm. 
It  is  generally  placed  at  one  side  and  not  in  the  centre  of  a  yolk  cell,  and 
as.  7 
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tbe  nuulei  an  ao  often  double  that  I  have  no  doulit  lUey  &!«  ra]>)dly 
unrlergoing  <)iTiHion.  It  uppcars  to  uc  proliuble  that,  at  the  tini« 
wheu  tlie  HU|>erlkiul  layer  of  protofilasm  is  e^neuted  off  from  the 
yolk  below,  tlie  imclci  undergo  division,  uid  that  a  nucluuB  with 
surrouudiug  iirotojiliisni  ie  loft  with  each  yulk  culiiiuii.  For  further  details 
vide  Chapter  on  Arachnida. 

Although  bj  the  close  of  the  segmeDtatiori  the  protoplasm  haa 
travelled  to  a  superficial  positioD,  it  may  be  nottd  thut  at  first 
it  forms  a  small  mase  in  the  centre  of  the  egg,  and  only  eventually 
assumes  its  peiipheral  situation.  It  is  moreover  clear  that  in  tlie 
Spiders'  ovum  there  is,  bo  to  speak,  an  attempt  at  a  complete  segmen- 
tation, which  however  only  results  in  an  arrangement  of  the  constitu- 
ents of  the  ovum  in  masses  round  each  uucleus,  and  not  in  a  true 
division  of  the  ovum  into  distinct  segments. 

It  aeeins  vevj  probable  that  Imdwi^'e  olittervntions  on  the  segmentation 
of  Spiden  only  hold  good  for  species  with  comparatively  small  ova. 

In  connection  with  the  segmentation  of  the  Insects'  OTum  and  allied 
ty|>es  it  should  be  mentioned  that  BobretEky,  to  whose  observations  we  are 
largely  indebted  for  our  knowledge  of  this  subject,  holds  somewhat  different 
views  from  those  adopted  in  the  text.  He  regards  the  nuclei  surrounded  by 
protiiplasm,  which  ui-e  produced  by  tbe  division  of  the  primitive  segmenta- 
tion nucleus,  as  so  many  distinct  cells.  ThcRe  cells  are  snppoHed  to  move 
about  freely  in  the  yolk,  which  acta  as  ii  kind  of  intei-cellular  medium.  This 
view  does  not  commend  itself  to  me.  It  ia  opposed  to  my  own  obser- 
vations on  similar  nuclei  in  the  Spiders,  It  does  not  fit  in  with  our  know- 
ledge of  the  nature  of  the  ovum,  and  it  cannot  be  reconciled  with  the  aeig- 
mentation  of  such  types  as  Spiders  or  even  Eupagurus,  with  which  the  s^- 
mentation  in  Insects  is  undoubtedly  closely  related. 

The  majority  if  not  all  the  cases  in  which  a  central  yolk  mass  is  formed 
occur  in  the  Arlhropoda,  in  which  group  centrolecitlial  ova  are  undoubtedly 
in  a  majority.  In  Alcyoniuui  palinatum  the  segmentation  ajipe&rs  however 
t«  r»«emble  that  of  many  insects. 

One  or  two  peculiar  varieties  in  the  segmentation  of  ova  of  this  type 
may  be  B[KikeD  of  here.  The  first  one  I  shall  mention  is  detiiili^d  in  the 
important  paper  of  E.  van  Bcneden  and  Bessels  which  I  have  already  so 
often  had  occasion  to  quote:  it  is  characteristic  of  the  eggs  of  most  of  the 
apeciee  of  C'hond  mean  thus,  a  genus  of  juiraaitic  Cmstaceans.  The  ovum 
divides  in  the  usual  way  but  sumewhat  irregidarly  inlo  2,  i,  8  st^menta 
which  meet  in  a  central  yolk  msss ;  but  after  the  third  lUvision  instead  of 
each  segment  dividing  into  two  equal  parts  it  divides  ai  once  into  four,  and 
the  division  into  four  having  started,  reapjwars  at  every  successive  division. 
Thug  the  number  of  the  segments  at  suocessive  periods  is  2,  4,  8,  32,  128, 
etc.  In  another  peculiar  cane,  on  instaneo  of  which'  is  affordnl  by  Atellut 
ai)iuitieu4,  after  each  of  the  earlier  segmentationi  all  the  segments  fuse  and 
become  indiHtingiiiahable,  but  at  the  succeeding  segmentation  double  tha 
nundKT  of  segments  appears. 

Although,  as  has  been  already  stated,  it  does  not  seem  possible  to  have 
a  true  mcroblnstic  segmentation  in  centrolecithal  ova,  it  does  nevertheless 
apjiear  probable  that  the  ap[iarent  cases  of  a  meroblastic  segmentation 
'  Ed.  ran  Bcneden.  ilufl.  Aeail.  Brlgiijuf.  Vol.  iivni.  IMiO. 
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in  the  Arthropoda  are  derivatives  of  this  type  of  segmentation.  The  manner 
in  which  the  one  type  might  pass  into  the  other  may  perhaps  be  explained  by 
the  s^pnentation  in  Aaellus  aqti€Uicti8\  In  this  OYiim  large  segments 
are  at  first  formed  around  a  central  yolk  mass,  in  the  peculiar  man- 
ner mentioned  in  the  previous  paragraph,  but  at  the  close  of  the  first 
period  of  segmentation  minute  cells,  which  eventually  form  a  superficial 
blastodcirm,  are  produced  from  the  yolk  cells.  They  do  not  however  appear 
at  once  round  the  whole  periphery  of  the  egg,  but  at  first  only  on  the  ventral 
sur&ce  and  later  on  the  dorsal  surface.  If  the  amount  of  food-yolk  in  the 
egg  were  to  increase  so  as  to  render  the  formation  of  the  yolk  cells  impossible, 
and  at  the  same  time  the  formation  of  the  blastodermic  cells  were  to  take 
place  at  the  commencement,  instead  of  towards  the  close  of  the  segmenta- 
tion, a  mass  of  protoplasm  with  a  nucleus  might  first  appear  at  the  surface  on 
the  future  ventral  side  of  the  egg,  then  divide  in  the  usual  way  for  mero- 
blastic  ova,  and  give  rise  to  a  layer  of  cells  gradually  extending  round  to 
the  dorsal  surface.  A  meroblastic  segmentation  might  perhaps  be  even 
more  easily  derived  from  the  type  found  in  Insects.  It  is  probable  that  the 
cases  of  Scorpio,  Mysis,  Oniscus,  the  parasitic  Isopoda,  and  some  parasitic 
Oopepoda  belong  to  this  category ;  and  it  may  be  noticed  that  in  these  cases 
the  blastopore  would  be  situated  on  the  dorsal  and  not  on  the  ventral  side 
of  the  ovum.  The  morphological  importance  of  this  latter  &ct  will  appear 
in  the  sequeL 

The  results  arrived  at  in  the  present  section  may  be  shortly 
restated  in  the  following  way. 

(1)  A  comparatively  small  number  of  ova  contain  very  little  or 
no  food-yolk  embedded  in  their  protoplasm  ;  and  have  what  food-yolk 
may  be  present  distributed  uniformly.  In  such  ova  the  segmentation 
is  regular.     They  may  be  described  as  alecithal  ova. 

(2)  The  distribution  of  food-yolk  in  the  protoplasm  of  the 
ovum  exercises  an  important  influence  on  the  segmentation. 

The  rapidity  with  which  any  part  of  an  ovum  segments  varies 
ceteris  paribus  with  the  relative  amount  of  protoplasm  it  contains ; 
and  the  size  of  the  segments  formed  varies  inversely  to  the  relative 
amount  of  protoplasm.  When  the  proportion  of  protoplasm  in 
any  part  of  an  ovum  becomes  extremely  small,  segmentation  does 
not  occur  in  that  part. 

Ova  with  food-yolk  may  be  divided  into  two  great  groups  accord- 
ing to  the  eventual  arrangement  of  the  food-yolk  in  the  protoplasm. 
In  one  of  these,  the  food-yolk  when  present  is  concentrated  at 
the  vegetative  pole  of  the  ovum.  In  the  other  group  it  is  concen- 
trated at  the  centre  of  the  ovum.  Ova  belonging  to  the  former 
Soup  are  known  as  telolecithal  ova,  those  to  the  latter  as  centro- 
cithal. 

In  each  group  more  than  one  type  may  be  distinguished.  In 
the  first  group  these  types  are  (1)  unequal  segmentation,  (2)  partial 
segmentation.  The  features  of  these  three  types  have  been  already 
so  fully  explained  that  I  need  not  repeat  them  here. 

In  the  second  group  there  are  three  distinct  types,  (1)  equal 

'  Ed.  van  B«neden,  Bull.  Acad.  Belgique,  Tome  xxviii,  1869. 
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segmentation,  (8)  unequal  seementation.  These  two  being  exter- 
nally similar  to  the  similarly  named  types  in  the  first  group. 
(3)  Superficial  segmentation.  This  is  unlike  anything  which  is 
present  in  the  first  group,  and  is  characterized  by  the  appearance 
of  a  superficial  layer  of  cells  round  a  central  yolk  mass.  These 
cells  may  either  appear  simultaneously  or  successively,  and  their 
nuclei  are  derived  from  the  segmentation  within  the  ovum  of  the 
first  segmentation  nucleus. 

The  types  of  ova  in  relation  to  the  characters  of  the  segmentation 
may  be  tabulated  in  the  following  way: 

8egmeniati<m, 


(1)  alecithal      |        ^^^^ 

ova  j  ® 

(2)  telolecithal  ^  (a)  une<}ual 
ova  /  (6)  partial 


rS^      oentro-         \  ^^^  regular  (with  segments  united  in 
V  /  I  /»an4vAi  tTQij^  mass) 


ISal      I,,,    central  yolk  mass) 
ova  )  ^^)  «^eq"»* 


(c)  superficial. 

Although  the  various  types  of  segmentation  which  have  been 
described  present  very  different  aspects,  they  must  nevertheless 
be  looked  on  as  manifestations  of  the  same  inherited  tendency 
to  division,  which  differ  only  according  to  the  conditions  under  which 
the  tendency  displays  itself. 

This  tendency  is  probably  to  be  regarded  as  the  embryological 
repetition  of  that  phase  in  the  evolution  of  the  Metazoa,  which  consti- 
tuted the  transition  from  the  protozoon  to  the  metazoon  condition. 

From  the  facts  narrated  in  this  chapter  the  reader  will  have 
gathered  that  similarity  or  dissimilaritv  of  segmentation  is  no  safe 
guide  to  affinities.  In  many  cases,  it  is  true,  a  special  type  of 
segmentation  may  characterize  a  whole  group;  but  in  other  cases 
very  closely  allied  animals  present  the  greatest  differences  with 
respect  to  their  segmentation ;  as  for  instance  the  different  species 
of  the  genus  Gammarus.  The  character  of  the  segmentation  has  great 
influence  on  the  early  phenomena  of  development,  though  naturally 
none  on  the  adult  form. 

External  features  of  Segmentation. 

(105)  E.  HaeokeL    "Die  Gastrula  a.  Eifarohnng."   JenaUche  ZeiUchrift,  Vol.  n. 

1877. 

(106)  Fr.  Ley  dig.    '*Die  Dotterfarchang  nach  ihrem  Vorkommen  in  d.  Thierwelt 
Q.  D.  ihrer  Bedeatang.**    Oken  Iti:  1848. 


PART  I. 


SYSTEMATIC  EMBRYOLOGY. 


PART   I. 


SYSTEMATIC   EMBRYOLOGY. 


Intboduction. 

In  all  the  Metazoa  the  segmeDtation  is  followed  by  a  series  of 
changes  which  result  in  the  grouping  of  the  embryonic  cells  into  definite 
layers,  or  membranes,  known  as  the  germinal  layers.  There  are 
always  two  of  these  layers,  known  as  the  epiblast  and  hypoblast;  and 
in  the  majority  of  instances  a  third  layer,  known  as  the  mesoblast, 
becomes  interposed  between  them.  It  is  by  the  further  dif- 
ferentiation of  the  genninal  layers  that  the  organs  of  the  adult 
become  built  up.  Owing  to  this  it  is  usual,  in  the  language  of 
Embryology,  to  speak  of  the  organs  as  derived  from  such  or  such  a 
germinal  layer. 

At  the  close  of  the  section  of  this  work  devoted  to  systematic 
embryology,  there  is  a  discussion  of  the  difficult  questions  which  arise 
as  to  the  complete  or  partial  homology  of  these  layers  throughout  the 
Metazoa,  and  as  to  the  meaning  to  be  attached  to  the  various 
processes  by  which  they  take  their  origin ;  but  a  few  words  as  to 
the  general  fate  of  the  layers,  and  the  general  nature  of  the  processes 
by  which  they  are  foimed,  will  not  be  out  of  place  here. 

Of  the  three  layers  the  epiblast  and  hypoblast  are  to  be  regarded 
as  the  primary.  The  epiblast  is  essentially  the  primitive  integument, 
and  constitutes  the  protective  and  sensory  layer.  It  gives  rise  to  the 
skin,  cuticle,  nervous  system,  and  organs  of  special  sense.  The 
hypoblast  is  essentially  the  digestive  and  secretory  layer,  and  gives 
rise  to  the  epithelium  lining  the  alimentary  tract  and  the  glands 
connected  with  it. 

The  mesoblast  is  only  found  in  a  fully  developed  condition  in  the 
forms  more  highly  organized  than  the  Coelenterata.  It  gives  origin 
to  the  general  connective  tissue,  internal  skeleton,  the  muscular 
system,  the  lining  of  the  body-cavity,  the  vascular,  and  excretory 
systems.     It   probably   in  the   first   instance   originated   from    dif- 
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fereDtiatiotiB  of  the  two  primary  lasers,  and  in  all  groups  with  a  well- 
developed  body-cavity  it  is  divided  into  two  strata.    One  of  them  forms 
^  part  ofthe  body-wall  and  is  known  as  the  somatic 

mesoblast,  the  other  forma  part  of  the  wall  of 
the  viscera  and  is  known  as  the  splanchnic 
mesoblast. 

A  very  large  number  not  to  say  the  majority 
of  organs  are  derived  from  parts  of  two  of  the 
gemunal  layers.  Many  glands  for  instance  have  a 
lining  of  hypoblast  which  Is  coated  by  a  meso- 
blastic  layer. 

The  processee  by  which  the  germinal  layers 
take  their  origin  are  largely  influenced  by  the 
character  ofthe  segmentation,  which,  as  was  shewn 
in  the  last  chapter,  is  mainly  dependent  on  the 
distribution  of  tiie  food-yolk.  When  the  segmen- 
tation is  regular,  and  results  in  the  formation  of 
a  blaRtosphere,  the  cpiblast  and  hypoblast  ard 
usually  differentiated  from  the  imiform  cells  form- 
ing the  wall  of  the  blastosphere  in  one  of  the  two  following  ways. 

(1).  One  half  of  the  blastosphere  may  be  pushed  in  towards  the 
other  half,  A  two-layered  hemisphere  is  thus  established  wtiich  soon 
elongates,  while  its  opening  narrows  to  a  small  pore  (fig.  55).     The 


Flo.  S3.    Dijui 

OFJkUAHTHUU.     (Fl 
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i.     Kluiie  in  BCffincntation. 

:i.    CViniu<>ii(9'tii«iit  of  delitniiiuitiDn  *ttcr  the  appeanuiee  ot  ft  central  ckTitj. 

1.     I ii'luiu illation  uomi'leteJ,  montli  tatmiun  at  U. 

t.  1,  3  anil  :l  ».  U  ectn|ila)>[n,  an<]  Kn.  ii  sntoidasni. 

;.  1  Ec.  ii  epiblaat  and  Kn.  lijpoblait. 


SYSTEMATIC  EMBRTOLOGY. 


106 


I 
I 


embryonic  forin  prodiiceil  by  this  process  is  known  aa  a  gastrula. 
The  process  by  which  it  originatea  ia  known  as  embolic  invagination, 
or  shortly  iovagination.  Of  the  two  layers  of  which  it  ia  formed  the 
inner  one  fc)  ia  known  aa  the  hypoblast  aud  the  outer  {d)  as  the 
epiblast,  while  the  pore  leading  into  its  cavity  lined  by  the  hypoblast 
ia  tlie  blastopore  (a).     The  cavity  itself  is  the  archenteron  (6). 

(2)  The  coHs  of  the  blastosphere  may  divide  themselves  \}y  a 
process  of  concentric  splitting  into  two  layers  (fig.  56  s).  The  two  layers 
are  as  before  the  epiblast  and  hypoljlaat,  and  the  process  by  which  they 
originate  is  known  as  delamination.  The  central  cavity  or  archen- 
teron {F)  is  in  the  case  of  delamination  the  original  segmentation 
cavity ;  aud  not  an  entirely  new  cavity  as  in  the  caae  of  invagination. 
By  the  perforation  of  tho  closed  two-walled  vesicle  resulting  from 
delamination  an  embryonic  form  is  produced  which  cannot  be 
distinguished  in  structure  from  the  gaatrula  produced  by  invagination 
(fig.  56,  4).  The  opening  (iV/)  in  this  case  is  not  however  known  as  the 
blastopore  but  as  the  mouth. 

When  segmentation  does  not  take  place  on  the  regular  type  the 
processea  above  described  are  as  a  rule  somewhat  modified.  The 
yolk  is  usually  concentrated  in  the  cells  which  would,  in  the  case  of 
a  simple  gastnila,  be  tuvaginated. 
As  a  consequence  of  this,  these 
cells  become  (1)  distinctly  marked 
off  from  the  epiblast  cells  during 
the  segmentation ;  and  (2)  very 
much  more  bulky  than  the  epiblast 
cells.  The  bulkineas  of  the  hypo- 
blast cells  necessitates  a  modifica- 
tion of  the  normal  process  of  embolic 
invagination,  and  causes  another 
process  to  be  substituted  for  it,  viz, 
the  growth  of  the  epiblast  cells  as 
a  thin  layer  over  the  hypoblast. 
This  process  (fig.  57)  is  known 
as  epibolic  invagination.  The 
point  where  the  complete  enclosure 
of  the  hypoblast  cells  ia  effected  ia  known  as  the  blastopore.  All 
intermediate  conditions  between  epibolic  and  embolic  invagination 
have  been  found. 

In  delamination,  when  the  segmentation  is  not  uniform,  or  when 
a  solid  morula  ia  formed,  the  differentiation  of  the  epiblast  and 
hypoblast  is  effectetl  by  the  separation  of  the  central  solid  mass  of 
cells  from  the  peripheral  cells  (fig.  58  A). 

In  the  case  of  epibolic  invagination  as  well  as  in  that  of  the  type 
of  delamin.ition  just  apokeu  of,  tho  archenteric  cavity  is  in  most 
.cases  secondarily  formed  in  the  solid  mass  of  hypoblast  (fig.  58  B), 

In  ova  with  a  partial  segmentation  there  is  usually  some  modi- 
fication of  the  epibolic  gastntla. 
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A.  BUge  kRer  the  JeUmi nation,     rp.  cpiblastia  invaeuutioa  to  form  piieQins> 

B.  Ij*t«i'  ala^  »fler  the  tannatinn  of  the  gutric  cavii 
po.  polypitei  t.  tentacle;  jrp.  pueiinifttophara;  rp.  epiblas 
paeunutocjit ,  by.  bypoblast  ■orroiuidiiig  pnenmatocyM. 

of  iDva^natioD  and  delami nation  just  characterized,  aud  in  not  a  faw 
forms  the  layers  originate  in  a  manner  which  cannot  be  brought  into 
connectiou  with  either  of  these  processes. 
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the  lip*  o(  the  blaBtopore. 

•■p.  epiblai>t ;   nx.  meaobla^t;   bl.  blaatupore. 

The  inesoblaat  usually  originateR  subsequently  to  the  two  primary 
layers.  It  then  springs  from  one  or  both  of  the  other  layers, 
but  it4i  modes  of  origin  are  so  various  that  it  would  be  useleas 
to  attempt  to  classify  them  here.    In  caaea  of  invagination  it  often  arises 
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B.  Bepre.ientB  a  BQocceditiit  sima  in   w)iich  the  primitiTc  archenteron  is  oow- 
meDoing  to  be  divided  into  three  parln,  the  two  laUnil  ot  which  are  dcBtined  to  fonn  the 

.    mesohlBBt. 

1  C.    BeprenentB  a  later  etane  ia  which  the  month  iayolntioD  (m)  has  become  con- 

I  tinuoDB  with  alimentaiy  tract,  and  the  blastopore  has  become  dosed. 

I        n.  moath;  al.  alimentaiy  uanal;  at.  archenteron;  bi.f.  btaatopoce;  fir.  perivisceral 

r  MTity;  tp.  iplanohnic  mesobkst:  to.  eomatic  mesoblast;  n'-  gmeratiTe  orgtine. 

Such  outgrowths  arc  shewn  m  fig.  60,  B  and  C  at  pv.  The  cavity 
of  the  outgrowths  forms  the  body  cavity,  and  the  walla  of  the 
outgrowths  the  somatic  and  splanchnic  layers  of  mesoblast  (fig, 
C.  sp.  and  so).  The  ai-chenteron  is  in  part  always  converted  into  a 
section  of  the  permanent  alimentary  tract;  and  the  section  of  the 
alimentary  tract  so  derived  is  known  as  the  mesenteron.  There  are 
however  usually  two  additional  parts  of  the  alimentary  tract,  knowD  as 
the  stomodaeum  and  proctodaeum,  derived  from  epiblaatic  invagi- 
nations. They  give  rbo  respectively  to  the  oral  and  anal  extremities 
of  the  alimentary  tract. 
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DICYEMID-5i:  AND  ORTHONECTIDiE. 

DiCTEMIDiE. 

TuE  structure  and  development  of  these  remarkable  parasites  in 
the  renal  organs  of  the  Cephalopoda  have  recently  been  greatly 
elucidated  by  the  researches  of  £.  van  Beneden;  and  although  a 
male  element  has  not  been  discovered,  yet  the  embryos  originate 
from  bodies  which  have  a  close  similarity  to  ordinary  ova. 

Van  Beneden  has  shewn  that  Dicyema  consists  in  the  adult 
state  of  (1)  a  single  layer  of  ciliated  epiblast  cells,  somewhat  modified 
tmteriorly  to  form  a  cephalic  enlargement;  and  of  (2)  one  large 
nucleated  hypoblast  cell  enclosed  within  the  epiblast  There  are  two 
kinds  of  embryo,  both  developed  from  germs  which  originate  in  the 
hypoblast  ceil.  The  two  kinds  of  embryo  arise  in  individuals  of 
somewhat  different  forms.  The  one  kind,  called  by  Van  Beneden  the 
vermiform  embryo,  arises  in  the  more  elongated  and  thinner  ex- 
amples of  Dicvema  which  have  been  named  Nematogens.  These 
embryos  pass  directly  into  the  parent  form  without  metamorphosis. 

The  second  kind  of  embryo,  called  infusoriform,  is  very  different 
from  the  parent,  and  has  a  free  existence.  Its  eventual  history  is 
not  known.  It  originates  in  the  shorter  and  thicker  individuals  of 
Dicyema;  which  have  been  called  Rhombogens. 

The  Venniform  Embryos.  The  germs  or  cells  which  give  rise  to 
the  vermifonn  embryos  originate  endogenously  in  the  protoplasmic 
reticulum  of  the  axial  hypoblast  cell.  They  appear  as  small  but 
well-defined  spheres,  with  a  minute  body  in  the  centre.  In  these 
spheres  a  cortical  layer  becomes  differentiated,  which  gradually 
increases  in  thickness  and  gives  rise  to  the  body  of  a  cell,  the  nucleus 
and  nucleolus  of  which  are  respectively  formed  from  the  ioner.  part 
of  the  original  sphere  and  the  minute  central  body.  These  germs 
can  originate  in  all  parts  of  the  hypoblast  cell  and  are  frequently  very 
numerous. 

The  germ   when  completely  formed   undergoes  a  segmentation 
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very  similar  to  that  of  an  ordinary  ovum.  It  divides  first  into  two 
and  then  into  four  approximately  equal  segments.  Of  the  four  seg- 
ments one,  however,  remains  passive  for  the  remainder  of  the  develop- 
ment. The  other  three  divide  and  arrange  themselves  so  as  partially  to 
enclose  in  a  cup-like  fashion  the  passive  cell  (fig.  61  A).  The  six 
cells  resulting  from  their  division  again 
divide,  giving  rise  to  twelve  cells,  which 
nearly  enclose  the  passive  cell,  leaving  only 
a  small  aperture  at  one  point.  The  whole 
process  by  which  the  central  cell  becomes 
enclosed  is,  as  £.  van  Beneden  points  out, 
identical  with  a  gastrula  formation  by 
epibole,  and  the  space  where  the  central 
cell  is  left  uncovered  is  the  blastopore. 
The  central  cell  itself  gives  origin  to  the  ^^ ^^  a.Ga8tbula8taob 
hypoblast  cell  ol  the  adult,  and  the  pen-  of  Diotema  typub.  b.  Vermi. 
pheral  cells  to  the  epiblast.  form  embryo  ofDicyematypus. 

By  this  time  the  embryo  has  assumed  ^^^«**^^"'*^^^-^ 
an  oval  form,  and  the  blastopore  is  situated 

at  the  pole  of  the  long  axis  of  the  oval  where  the  cephalic  enlargement 
is  eventually  formed. 

The  suteequent  development  consists  mainly  in  the  closure  of  the 
blastopore,  and  an  increase  in  the  number  of  the  epiblast  cells.  Before 
the  development  is  completed,  and  while  the  embryo  is  still  in 
the  body  of  the  parent,  two  germs,  destined  themselves  to  give  rise  to 
fresh  embryos,  appear  in  the  hypoblast  cell,  one  on  each  side  of  the 
nucleus  (fig.  61  B).  The  embryo  continues  to  elongate,  while 
the  anterior  cells  become  converted  into  the  polar  cells.  Cilia 
appear  simultaneously  over  the  general  surface,  and  the  embryo 
makes  its  way  out  of  the  body  of  the  parent,  usually  at  the  cephalic 
pole,  and  becomes  itself  parasitic  in  the  renal  organ  of  the  host 
m  which  it  finds  itself.  At  the  time  of  birth  the  embryo  may  contain 
a  number  of  germs  and  sometimes  even  developing  embryos. 

Infosoriform  Embryos.  The  infusoriform  embryos  are  capable 
of  living  in  sea-water  and  almost  certainly  lead  a  free  existence. 
In  their  most  fully  developed  condition  so  far  known  they  have 
the  following  rather  complicated  structure  (fig.  62  D,  E,  F,  G). 

The  body  is  somewhat  pyriform,  with  a  blunt  extremity  which  is 
directed  forwards  in  swimming,  and  a  more  pointed  extremity  directed 
backwards.  The  former  may  be  spoken  of  as  the  anterior,  and  the 
latter  as  the  posterior  extremity  or  tail.  At  the  anterior  extremity  are 
situated  a  pair  of  refractive  bodies  (r)  which  lie  above  an  unpaired 
organ  which  may  be  called  the  urn. 

The  structure  of  the  urn,  the  refractive  bodies,  and  the  tail  may  be 
dealt  with  in  succession. 

The  urn  consists  of  three  parts:  (1)  a  wall  (m),  (2)  a  lid  (Q,  and 
(3)  contents  {gr).  The  wall  of  the  urn  is  hemispherical  in  form,  and 
composed  of  two   halves  in  apposition  (fig.  F).     Its  concavity  is 
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directed  forwards,  and  in  its  edge  are  imbedded  a  number  of  rod-like 
eorffoaclts  which  appear  bb  a  ring  near  the  surface  in  a  full-iace  view 
(fig.  D;.  The  lid  has  the  form  of  a  low  pyramid  with  its  apex  directed 
outwards.  It  is  made  up  of  four  segments  (fig.  D).  The  contents 
of  the  urn,  which  completely  till  up  its  cavity,  are  four  polynuclear 
cells  arranged  in  the  form  of  a  cross  which  appear  with  low  powers 
as  granular  bodies  (tig.  F).  They  are  frequently  ejected,  apparently 
at  the  will  of  the  embryo. 

The  refractive  bodies  (r),  two  in  number,  one  on  each  side  of  the 
middle  line,  are  composed  of  a  material  which  is  not  of  a  fatty  nature, 
and  which  is  passive  to  the  majority  of  reagents.  Each  is  enveloped 
in  a  special  capsule,  and  at  times  more  than  one  refractive  body  is 
present  in  each  capsule.  The  tail  is  a  conical  structure  formed  of 
ciliated  granular  cells. 

No  plausible  guess  has  been  made  as  to  the  function  either  of  the 
urn  or  of  the  refractive  bodiea 

The  infusoriform  embryos  originate  from  germs,  which  have 
however  a  different  origin  to  the  germs  of  the  vermiform  embryos. 
One  to  tive  cells  appear  in  the  axial  hypoblast  cell,  in  a  way  not  clearly 
made  out,  and  each  of  them  eives  rise  by  an  endogenous  process 
to  several  generations  of  cells,  all  of  which  develope  into  infusoriform 
embryos. 


Fio.  62.    IxruHOBiTOBx  rmbbyo  op  Dicteva. 

A.  n.  C.    Three  of  the  Uter  stagen  in  the  development. 

D.  K.  F.  Three  different  viewH  of  the  full-grown  larva.  D.  from  the  front,  E.  from 
th«  ftidr,  and  F.  from  above. 

H.  Hide  view  of  urn. 

II.  wall  of  urn;  /.  lid  of  urn;  r.  refractive  bodien;  gr,  granular  bodies  filling  the 
interior  of  the  urn. 

Tho  priinitive  cell  i.s  called  by  Van  Beneden  a  Germogen.  In 
its  proto))liisin  a  num1>or  of  gcnns  first  appear  endogenously,  but 
the  niicl<MiH  of  the  germogen  docs  not  assist  in  their  formation. 
Thi^y  eventually  become  detached  from  the  parent  cell,  around 
which  they  are  concentrically  arranged.  A  second  and  then  a 
third  g<;neration  of  germs  are  forme<T  in  the  same  way,  till  the 
whole  of  the  protoplasm  of  the  primitive  cell  is  absorbed  in  the 
formation  of  these  genus,  and  nothing  of  it  remains  but  the  nucleus. 
The  germs  ho  formed  are  arranged  in  about  three  concentric  layers, 
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of  which  the  innermost  is  the  youngest.  One  to  five  masses  of  germs 
may  be  present  in  a  single  Rhombogen.  The  gei*ms  undergo  a 
division,  in  the  course  of  which  their  nuclei  exhibit  very  beautifully 
a  spindle  modification.  In  the  course  of  the  segmentation  the 
embryo  gradually  assumes  its  pennanent  form,  and  four  of  the  cells 
composing  it  can  be  distinguished  from  the  remainder  by  their 
greater  size  (fig.  62  A,  w).  The  two  largest  of  these  give  rise  to  the 
wall  of  the  urn,  and  also  give  origin  to  four  smaller  cells  (fig.  62  B,  gr) 
which  eventually  become  polynuclear  and  constitute  the  four  granular 
cells  in  the  urn.  The  two  other  cells  become  the  lid  of  the  urn. 
The  parts  of  the  urn  lie  at  first  side  by  side,  but  in  the  course  of 
development  the  cells  which  form  the  wall  of  the  urn  travel  inwards, 
and  the  four  granular  cells  are  carried  into  their  concavity.  At 
the  same  time  the  cells  which  form  the  lid  of  the  urn  alter  their 
position  so  as  to  overlie  the  wall  of  the  urn.  The  two  cells 
immediately  above  the  urn  give  rise  to  the  refractive  bodies 
(fig.  62  A,  B,  C,  r)  and  the  remainder  of  the  cells  of  the  embryo 
become  the  tail  (fig.  62  C).  The  embryo  becomes  ciliated,  and  attains 
its  nearly  full  development  before  leaving  the  parental  tissues.  It 
usually  passes  out  at  the  cephalic  extremity. 

As  has  already  been  stated,  it  is  probable  that  the  infusoriform 
embryos  leave  the  renal  organs  of  their  host  and  lead  a  free  existence. 
What  becomes  of  them  afterwards  is  not  however  known,  though 
there  can  be  little  doubt  that  they  serve  to  carry  the  species  to  new 
hosts. 

Till  the  further  development  of  the  infusoriform  embryo  is 
known  it  is  not  possible  to  arrive  at  a  definite  conclusion  as  to  the 
affinities  of  this  strange  parasite.  Van  Benedcn  is  anxious  to  form 
it,  on  account  of  its  simple  organization,  into  a  group  between 
the  Protozoa  and  the  Metazoa.  It  appears  however  very  possible 
that  the  simplicity  of  its  organization  is  the  result  of  a  parasitic 
existence;  a  view  which  receives  confirmation  from  the  common 
occurrence  of  the  process  of  endogenous  cell-formation  in  the  axial 
hypoblast  cell.  It  has  been  clearly  shewn  by  Strasburger  that 
endogenous  cell-formation  is  secondarily  derived  from  cell-division; 
so  that  the  occurrence  of  this  process  in  Dicyema  probably  indicates 
that  the  hypoblast  was  primitively  multicellular.  It  is  not  improbable 
that  the  enigmatical  infusoriform  embryo  may  develope  iuto  a  sexual 
form,  the  progeny  of  which  are  destined  to  complete  the  cycle  of 
development  by  becoming  again  parasitic  in  the  renal  organ  of  a 
Cephalopod. 
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Orthonectid-e. 

A  number  of  minute  parasites  infesting  various  Nemertines,  Turbella- 
rians,  and  Ophiuroids  have  recently  been  studied  by  Giard  and  Metschnikoff, 
the  former  of  whom  has  placed  them  in  a  special  group  which  he  calls  the 
Orthonectidae.     They  were  first  discovered  by  W.  C.  Mcintosh. 

In  the  adult  state  they  are  *  (Metschnikoli)  somewhat  pear-shaped  bodies 
formed  of  a  kind  of  plasmodium  of  cells  with  irregular  lol>ate  processefi. 
In  the  interior  of  this  body  are  eggs  in  all  stages  of  development. 
In  the  type  observed  by  Metschnikoff  (Intoshia  gigas)  the  ova  undergo 
a  regular  segmentation,  resulting  in  the  formation  of  a  blastosphere 
in  which  an  inner  layer  is  subsequently  formed  by  delamination.  A 
smaller  and  a  larger  kind  of  embryo  are  formed ;  but  all  the  embryos 
in  each  female  belong  to  one  type.  The  lai^r  become  females  and  the 
smaller  malea 

The  female  embryos  are  ovoid.  The  outer  layer  of  cells  or  epiblast 
becomes  ciliated,  and  divided  into  nine  segments,  of  which  the  second 
is  marked  off  from  the  remainder  by  the  absence  of  cilia,  and  by  being 
provided  with  refractive  corpuscles.  The  inner  layer  which  surrounds 
a  central  cavity,  and  might  be  supiK)8ed  to  be  the  hypoblast,  becomes 
according  to  Metschnikoff  converted  into  ova. 

The  male  embryos  are  more  elongated  than  the  female,  from  which  they 
further  differ  in  only  having  six  segments.  The  cells  of  tlie  inner  layer 
eventually  divide  up  into  spermatozoa. 

The  larvae  probably  become  free,  and  while  in  the  free  state  impregna- 
tion would  appear  to  be  effected.  When  the  female  larvae  become  parasitic 
they  undergo  a  metamoqihosis,  the  stages  of  which  have  not  been  observed ; 
but  in  the  course  of  which  the  epiblast  cells  probably  unite  into  a  Plasmo- 
dium. 

The  oliservations  of  Qiard  are  in  several  points  irreconcilable  with  those 
of  Metschnikoff,  but  from  the  statements  of  the  latter  it  appears  possible 
that  Giard  has  made  two  genera  from  the  males  and  females  of  one  s|>ecies; 
and  that  Giard' s  account  of  an  unequal  segmentation  followed  by  an 
epibolic  gastrula,  in  one  of  his  species,  has  arisen  from  two  segmenting  ova 
temporarily  fusing  together.  Giard  has  given  a  description  of  internal 
gemmi|)uix)us  n*production,  u|X)n  the  accuracy  of  which  doubts  have  been 
thrown  by  Metschnikoff.  The  afiinities  of  the  Orthonectidae  are  as  obscure 
as  those  of  the  Dicyemidae ;  though  there  can  be  but  little  doubt  that 
their  organization  has  been  much  simplified  in  correlation  with  their 
parasitic  liabitM.  Tlie  origin  of  the  genital  ])roducU  in  the  axial  tissue  is 
a  feature  they  have  in  common  with  the  Dicyemidae. 
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^  This  at  any  rate  liolds  trae  for  the  type  inyestigated  by  Metschnikoff.  The  full 
hiitory  of  other  forms  is  not  yet  known. 


CHAPTER  V. 


PORIFERA. 

Althouoh  within  the  last  few  years  greater  advances  have  pro- 
bably been  made  in  our  knowledge  of  the  development  of  the 
Porifera  than  of  any  other  group,  yet  there  is  much  that  is  still 
very  obscure,  and  it  is  not  possible  to  make  general  statements 
applying  to  the  whole  group. 

CaldspongisB.  The  form  which  has  so  &r  been  most  completely 
worked  out  is  Sycandra  raphanus,  one  of  the  Calcispongise  (Metschni- 
koff,  Nos.  132  and  134,  F.  £.  Schulze,  Nos.  139  and  142),  and  I  shall 
commence  my  account  with  the  life-history  of  this  species. 

The  ovum  in  Sycandra  as  in  other  Spongida  has  the  form  of 
a  naked  amoeboid  nucleated  mass  of  protoplasm.  From  the  analogy 
of  the  other  members  of  the  group,  there  is  no  doubt  that  it  is  fertilized 
by  a  male  spermatic  element,  though  this  has  not  as  yet  been  shewn 
to  be  the  case — and  the  changes  which  accompany  fertilization  are 
quite  unknown. 

The  segmentation  and  early  stages  of  development  take  place  in 
the  tissues  of  the  parent.  The  segmentation  is  somewhat  peculiar, 
though  a  modification  of  a  regular  segmentation.  The  ovum  divides 
along  a  vertical  plane,  first  into  two,  and  then  into  four  equal 
segments.  But  even  when  two  segments  are  formed,  each  of  them 
has  one  end  pointed  and  the  other  broader.  The  pointed  ends  give 
rise  to  the  ciliated  cells  of  the  future  larva,  and  the  broad  ends  to  the 
granular  cells.  Instead  of  the  next  division  taking  place,  as  is  usually 
the  case,  in  a  horizontal  (equatorial)  plane,  it  is  actually  effected 
along  two  vertical  planes  intermediate  m  position  between  the  two 
first  planes  of  segmentation.  Eight  equal  segments  are  thus  formed, 
each  of  which  has  the  form  of  a  pyramid.  All  the  s^ments  are 
situated  in  a  single  tier,  and  are  so  arranged  as  to  give  to  the  whole 
ovum  the  form  of  a  flat  cone,  the  apex  of  which  is  formed  by  the 
pointed  extremities  of  the  constituent  segments  (fig.  63  B).  The 
apices  of  the  segments  do  not  however  quite  meet,  but  they  leave  a 
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central  epacc,  which  is  an  actual  perforation  (fig.  63  A)  through  tlio 
axis  of  the  ovum,  open  at  butk  ends.  The  first  itidications  of  this 
perforation  appear  when  only  four  segmcuts  arc  preaeut,  and  it  is  to  be 


Fio.  69.     BcncEBain  btaoks  rv  thi  sioimruTTON  of  Svouidba  BA?BikMSS. 
(Copied  from  F  B  Bcbnlse.) 

A.  itatie  with  eight  Mgment*  itUl  Airanged  in  pain,  from  kbove. 

B.  lide  TJBw  of  Btage  with  eigbt  Mgmenta. 

C.  tide  view  of  itmge  with  aiitcea  aegnienta. 

D.  Bide  view  of  rtaga  with  for^-eight  nKmeDtB. 

E.  view  from  abore  of  rt«ee  with  tor^-eight  tegmenti. 

F.  nde  view  ot  embiTa  in  the  bhwtofphero  itiwe,  eight  ot  the  gnnolu  oells  which 
give  riM  to  the  epiblMt  of  the  adult  are  preaeut  at  the  lower  polo. 

e  I.  aegmentation  oaTit; ;  ee.  granular  oella  whieh  form  the  opiblast ;  en.  clear  oellK 
whioh  form  the  hjpobUut. 

regarded  as  the  homologue  of  the  s^mentation  cavity  of  other  ova. 
The  nest  plane  of  division  is  horizontal  (equatorial),  and  the  apices  of 
the  eight  cells  are  segmented  off  as  a  tier  of  small  cells.  At  the 
completion  of  this  diviuon  (fig.  63  C),  the  ovum  is  formed  of  sixteen 
cells  arranged  in  two  superimposed  tiers.  The  ovum  now  assumes 
somewhat  the  form  of  a  biconvex  lens,  in  the  axis  of  which  the 
central  perforation  is  sUll  present.  At  the  close  of  the  next  sti^e, 
forty-eignt  cells  are  present  arranged  in  four  tiers  (fig.  63  D  and  E), 
^6  two  outer  tiers  containing  eight  cells  each,  and  the  two  inner 
sixteen.  The  two  inner  tiers  probably  arise  by  the  simultaneous 
appearance  of  two  equatorial  fiirrows  dividing  the  original  tiers  into 
two,  and  by  the  subsequent  simple  division  of  the  cells  of  the  two  inner 
of  the  tiers  so  formed.  At  the  close  of  the  str^e  the  eight  basal  celln 
become  granular  (fig.  63  F).  At  the  same  time  the  central  part  of 
the  segmentation  cavity  becomes  enlarged,  while  its  terminal  aper- 
tures become  narrowed  and  finally,  shortly  after  the  end  of  this  stage, 
closed.  The  axial  perforation  thus  acquires  the  character  of  a  cl<is<'(] 
segmentation  cavity.  While  the  ovum  itself  becomes  nt  the  snme 
time  a  btastoxphen.-. 


This  stage  nearly  completes  the  segmeutfitioQ :  in  the  next  oue,  the 
cells  nf  the  poles  of  the  blastosphere  increase  ia  number,  and  the  cells 
of  the  greater  part  of  the  blastosphere  become  columnar  and  ciliated, 
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Fio.  84.     Labva  Of  SvciSDttA  b.  ,    .. 

uATEHMu.  TIBHDE8.    (Copied  fKim  F.  E.  Scholae.) 

mr.  meeoblaet  of  adult;  hy.  ooUaredoeUH  [orming  hjipoblaat  ot  the  adult;  en.  clear 
eella  ot  laiva  which  eveiitaall;  become  involated  to  form  the  hjpobLiat;  re.  granular 
oella  of  larva  whiah  give  rise  (otheepiblast,  which  at  this  elage  are  paitiaily  iovolnted. 

(fig.  64  en)  while  the  granular  cells  (ec.)  increase  to  about  thirty- 
two  in  number  and  appear  to  be  (partially  at  least)  involuted  into  the 
s^mentation  cavity,  reducing  this  latter  to  a  mere  slit.  This  stage 
forms  the  last  passed  by  the  embryo  in  the  tissues  of  the  parent. 
The  general  position  of  the  embryo  while  atill  in  this  situation 
may  &  gathered  from  fig.  64,  representing  the  embryo  in  situ.  The 
embryo  ia  always  placed  close  to  one  of  the  radial  canals.  From  this 
utuation  it  makes  its  way  through  the  hning  cells  into  a  canal  and  is 
thence  transported  to  the  surrounding  water.  By  the  timo  the  larva 
has  become  free,  the  semi-invaginated  granular  cells  have  increased 
in  bulk  and  become  everted  so  as  to  project  very  much  more 
prominently  than  in  the  encapsuted  state.  To  the  gastrula  stage, 
if  it  deserves  the  name,  passed  through  hy  the  embryo  in  the  tissues 
of  the  parent,  no  importance  can  be  attached. 

The  larva,  after  it  has  left  the  parental  tissues,  has  an  oval  form 
and  b  transversely  divided  into  two  areas  (fig.  65  A).  One  of  these 
areas  is  formed  of  the  elongated,  clear,  ciliated  cells,  with  a  small 
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t  of  pigment  near  their  inner  ends  (en.),  uul  the  other  tml 
Uiver  area  of  the  thirty-two  granular  cells  aLr^dy  mentiMted  («e.). 
Fifteen  or  sixteen  of  these  are  arranged  as  a  special  rug  on  the 


Fio.  fl6.    T«o  ran  aTAon  n  TBB  DKTxumfKirT  or  tTeuiDU  kWBUiDi.    (Coined 

A.  AmphfbtMtiilB  lUga. 

B.  K  Utar  lUga  ttltK  tb«  dlatod  etSit  )um  oomiBraoed  Ut  beeontt  innciiiMad. 

a,  Miniiiiiititliiii  oatitT;  ee.  gnaalM  oalli  wbieh  will  tom  tbe  •pbUttj  tn.  ciliated 
mIU  wUdt  bMoiM  inragiiwM  (o  form  the  l^poblut. 

border  of  the  clear  cells.  In  t^e  centre  of  the  embryo  is  a  seg- 
mentation cavity  (c.s.)  which  lies  between  tbe  granular  and  the  clear 
cells,  but  is  mainly  bounded  by  the  vaulted  inner  surface  of  the  latter. 
This  stage  iu  known  as  the  amphiblastula  stage.  During  the  later 
periods  of  the  amphiblastula  stage  a  cavity  appears  in  the  granular 
cells  dividing  them  into  two  layers.  After  tne  larva  has  for  some 
time  cnjoyGd  a  free  existence,  a  remarkable  series  of  changes  take 
place,  which  result  in  the  invi^natioa  of  the  half  of  it  formed  of  the 
clear  colls,  and  form  a  prelude  to  the  permanent  attachment  of  the 
larva.  The  entire  process  of  invagination  is  completed  in  about  half 
an  hour.  The  whole  embryo  first  becomes  flattened,  but  especially 
the  ciliated  half,  which  gradually  becomes  less  prominent  (fig.  65  B) ; 
and  still  later  the  cells  composing  it  undergo  a  true  process  of 
invagination.  As  a  result  of  this  invagination  the  segmentation 
cavity  is  obliterated,  and  the  larva  assumes  a  compressed  plano-convex 
form,  with  a  central  gastnila  cavity,  and  a  blastopore  in  the  middle  of 
tbe  flattened  surface.  The  two  layers  of  the  gastnila  may  now  be 
apokcn  of  as  epiblast  and  hypoblast  The  blastopore  becomes  gradu- 
allv  narrowed  by  the  growth  over  it  of  the  outer  row  of  granular  cells. 
When  it  baa  become  very  small  the  attachment  of  the  larva  takes 
plaoe  by  tbe  flat  surface  where  the  blastopore  is  situated.  It  is 
effectoa  bjr  protoplasmic  processes  of  the  outer  ring  of  epiblast  cells. 


which,  together  with  the  other  epiblaat  cells,  now  become  amoeboid. 
They  become  at  the 
same  time  clearer  aod 
permit  a  view  of  the 
interior  of  the  gastrula. 
Between  the  epibla?t 
cells  and  the  hypoblast 
cells  which  line  the  gas- 
trula cayity  there  arises 
a  hyaline  structureless 
layer,  which  is  more 
closely  attached  to  the 
epiblast  than  to  the 
hypoblast,  and  is  pro- 
bably derived  irom  the 
former.  A  view  of  the 
gastrula  stage  after  the 
larra  has  become  fixed 
is  given  id  fig.  66. 

There  would  seem 
according  to  Metsch- 
nikoffs  observations 
(No.  134)  to  be  a 
number  of  mesoblast  cells  interposed  between  the  two  primary  layers, 
which  he  derives  from  the  inner  part  of  the  mass  of  granular  celu. 

After  inva^nation  the  cilia  of  the  hypoblast  ceUs  can  no  longer 
be  seen,  and  are  probably  absorbed ;  and  their  disappearance  is  neaiiy 
coincident  with  the  complete  obliteration  of  the  blastopore,  an  event 
which  takes  place  shortly  after  the  attachment  of  the  larva. 

Not  long  after  the  closure  of  the  blastopore,  calcareous  spicnies 
make  their  appearance  in  the  larva  as  delicate  unbronched  rods 
pointed  at  both  extremities.  They  appear  to  be  formed  oa  the 
mesoblast  cells  situated  between  the  epiblast  and  hypoUast'.  The 
larva  when  once  fixed  rapidly  grows  in  length  and  assumes  a 
cylindrical  form  (fig.  67  A).  The  sides  of  the  cylinder  are  beset 
with  calcareous  spiculea  which  project  beyond  the  surface,  and,  in 
addition  to  the  unbronched  forms,  spicules  are  developed  with  three 
and  four  rays  as  well  as  some  with  a  blunt  extremity  and  serrated 
edge.  The  extremity  of  the  cylinder  opposite  the  attached  sur&ce  is 
flattened,  and,  though  surrounded  by  a  ring  of  four-rayed  spicules,  is 
itself  free  from  them.  At  this  extremity  a  small  perforation  is 
formed  leading  into  the  gastric  cavity,  which  rapidly  increases  in  size 
and  forms  an  exhalent  osculum  (os.).  A  series  of  inhalent  apertures 
is  also  formed  at  the  sides  of  the  cylinder,  llie  relative  times  of 
appearance  of  the  sin^e  osculum  and  the  smaller  apertures  are  not 


deriyed  ttom  tba  gmnniar  mU*  of  &»  Milis  tUge, 
ftnd  the  oolnmiur  hjrpoblMt  oell^  lining  tb«  gsatrala 
eni^,  deriTod  bom  the  dluted  oeDi  of  the  earUet 
■tage.  Tbe  larva  ia  Axed  b;  the  amcebcdd  odla  on  the 
aide  on  which  tbe  blaattqwre  is  dtnated. 


IIS  .SYCANDHA. 

cuustant  fur  tlie  different  larvie.  On  the  central  gagtnila  cavity  of 
the  spODge  becoming  placed  in  cumtniinicatioii  witli  the  external 
water,  the  hyptblast  cells  lining  it  become  ciliated  afresh  {tig  67  B,  en.) 
and  develop  the  peculiar  collar  characteristic  of  the  hypoblast  cells 
of  the  Spongida  {vide  fig.  64,  %.).  When  this  stage  of  develupmeBt 
is  reached  we  have  a  fully-formed  Bponge  of  the  type  made  KDown 
by  Haeckel  as  Olynthus. 


Fio.  67.    Ta«  ti 

TiTB  Bficcu.     (Co|)ie(I  (rota  Sebutze.) 

A.  View  from  the  Bnle. 

B.  Vicvf  from  the  true  eitremity. 

<w.  osonlnin;  tc.  epibknt;  tn.  hypoblMl  eompoaed  of  cjlisted  cells.    Tbe  termiiul 
uwnJam  and  Ifttersl  pureB  tie  reptCMDled  as  oral  wliite  Rpacci. 


When  young  examples  of  Sycandra  come  in  contact  shortly  after 
their  attachineDt  they  appear  to  fuse  together  temporarily  or  else  per- 
manently.    In  the  latter  caae  colonies  are  produced  liy  their  fusion. 

Amongst  other  calcareous  sponges  tlie  lai^'a  of  AecaJulra  eotttorla 
(Miuwkel  No.  ti6,  Barrou  No.  tzz)  [irLsents  the  tr]>ical  anipbiblastiila  stage, 
xml  BO  (irubably  does  that  of  Aaeimdra  LUberkiJmii  (Kdler  No.  Ii8).  In 
Lrueatuira  aajiera  (Keller  No.  128,  Melschnikoff  No.  134)  the  larvu  jiusea 
throngli  an  amjihiblsBtula  sbi);i',  but  the  cbnractcre  of  the  celln  of  the  two 
lialv««  of  the  larva  do  not  difi'er  to  nearly  the  same  ext«nt  as  in  SycanJra. 

Although  the  majority  of  calcareoui*  sjwnges  ap[iear  to  agree  in  their 
mode  of  dL<v('lo|in>ent  with  Sjcsadra,  Ticvei-tlielesa  the  concordant  reNeiirches 
of  O.  Bvhmiilt  {No,  138}  and  MetschnikofT  {No.  134)  have  shewn  that  this 
is  not  tru«  for  tlie  genas  Ascetta  (Aa.  primordial^,  ctathrtia  and  blcmca). 
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The  larvae  of  these  forms  are  very  differently  coostltuted  to  those 
of  Sycandra.  They  have  an  oval  form  and  are  composed  of  a  single 
row  of  ciliated  columnar  cells :  their  two  extremities  only  differ  in  the  cells 
at  one  extremity  being  longer  than  those  at  the  other.  Especially  at  the 
]K)le  where  the  shorter  cells  are  situated  (Schmidt)  a  metamorphosis  of  the 
cells  takes  place.  One  after  the  other  they  lose  their  cilia,  become  granular, 
and  pass  into  the  interior  of  the  vesicle.  Here  they  become  differentiated 
into  two  classes  (Metschnikofi)  ;  one  of  larger  and  more  granular  cells, 
and  the  other  of  smaller  cells  with  clearer  protoplasm.  Cells  of  the  former 
class  are  mainly  found  at  one  of  the  poles.  When  the  larva  becomes 
free  the  cells  in  the  interior  of  the  vesicle  increase  in  number  and  nearly 
fill  up  its  central  cavity.  After  a  short  free  existence  the  larva  becomes 
fixed,  and  the  epiblast  cells  lose  their  cilia  and  become  flattened  At  a  later 
period  the  large  granular  cells  assume  a  radiate  arrangement  round  a  central 
cavity  and  become  clearly  marked  out  as  the  hypoblast  cells.  The  smaller 
cells  become  placed  between  the  epiblast  and  hypoblast  and  constitute  the 
mesoblast. 

Myxospongis.  In  this  group  Halisarca  has  been  investigated  by 
Carter  (No.  123),  Barrois  (jfo.  122),  Schiilze  (No.  141)  and  Metschni- 
koff  (No.  134).  The  ova  develop  in  the  mesoblaBt,  and  when  ripe 
occupy  special  chambers  lined  by  a  layer  of  epithelial  cells.  Schubse 
has  found  the  spermatozoa  of  this  genus  of  sponge  and  has  been  able 
to  shew  that  the  sexes  may  be  distinct,  though  many  species  of 
Halisarca  are  hermaphrodite. 

The  segmentation  is,  roughly  speaking,  regular,  and  a  segmentation 
cavity  is  early  formed,  which  is  never,  as  m  Calcispongia^,  open  at 
the  poles.  When  the  larva  leaves  the  parent  it  is  an  oval  vesicle 
formed  of  a  single  layer  of  columnar  ciliated  cells.  Slight  differences 
may  be  observed  between  the  two  extremities  of  the  larvse  of  most 
species.  One  of  these — the  hinder  extremity — ^is  directed  backwards 
iu  swimming. 

The  further  history  of  the  larva  has  been  investigated  by 
Metschnikoff.  He  has  found  that  the  interior  of  the  vesicle  becomes 
gradually  filled  with  mesoblast  cells  of  a  peculiar  type,  called  by  him 
rosette-cells,  which  are  probably  derived  from  the  walls  of  the  vesicle. 

When  the  metamorphosis  commences,  the  larva  assumes  a  flat- 
tened form,  and  cells  of  a  new  type,  viz.  normal  amoeboid  cells, 
grow  in  amongst  the  rosette  cells.  The  new  cells  are  also 
derived  from  the  epiblast.  The  larvae  appear  to  fix  themselves  by 
the  hinder  extremity.  The  cilia  gradually  disappear,  and  the  epiblast 
cells  flatten  out  and  form  a  kind  of  cuticle.  For  some  time  the  larva 
remains  in  the  two-layered  condition,  but  gradually  canals  (?  ciliated 
chambers)  lined  by  hypoblast  cells  become  formed.  They  appear  as 
closed  spaces  with  walls  of  ciliated  cells  derived  from  the  amoeboid 
cells,  and  the  different  parts  of  the  system  of  chambers  are  esta- 
blished independently.  In  H.pontica  the  ciliated  chambers  are  formed 
before  the  attachment  of  the  larva.  The  development  was  not  followed 
up  to  the  formation  of  the  pores  placing  the  canal  system  in  com- 
munication with  the  exterior. 
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The  }oung  sponges  at  a  somewhat  later  stage  have  been  studied 
by  Schuize  and  Barrois.  They  are  formed  of  an  external  layer  of 
flattened  cells,  not  clearly  ciliated  as  in  the  adult,  within  which  are 
a  normal  mesoblastic  tissue,  and  several  spherical  chambers  lined  by 
ciliated  cells  exactlv  like  the  ciliated  chambers  of  the  full-grown 
sponge.  Irregular  invaginations  of  the  epiblast  give  to  the  young 
sponge  a  honeycombed  structure.  The  ciliated  chambers  in  the 
youngest  condition  of  the  sponge  are  closed ;  but  in  slightly  older 
examples  they  come  into  communication  with  the  passages  lined  by 
epiblast,  and  so  indirectly  with  the  external  mediunL 

CeratOSpongiSB*  Amongst  the  true  Ceratospongrise  the  embryos  of  two 
of  the  Aplysmidie,  and  of  Spongelia  and  Easpongia  have  been  to  some  extent 
worked  out  by  Barrois  and  Schuize.  The  form  worked  out  by  Barrois  is 
called  by  him  Verongia  rosea.  The  segmentation  u  nearly  regular,  but  from 
the  first  the  segments  may  be  divided  according  to  their  constitution  into 
two  categories.  At  the  close  of  segmentation  the  embryo  is  oval  and 
covered  by  a  single  layer  of  columnar  ciliated  cells ;  these  cells  may  however 
be  divided  into  two  categories,  corresponding  with  those  observable  during 
the  segmentation.  A  certain  number  are  coloured  red  and  form  a  definite 
circular  mass  at  one  pole,  while  the  remainder,  which  constitute  the  major 
part  of  the  embryo,  have  a  pale  yellowish  colour.  Those  at  the  red  pole 
lose  their  cilia  in  the  free  larva,  hut  aroand  the  area  formed  by  them  is  a 
special  rin^  of  long  cilia.  The  chief  peculiarity  of  the  emhryo  (made  known 
hy  Schuize)  consists  in  the  fact  that  the  layer  of  cells  which  covers  the 
embryo  does  not,  as  in  other  sponge  embryos,  simply  enclose  a  space, 
but  the  interior  of  the  embryo  is  formed  of  a  mass  of  stellate  cells  like  the 
normal  mesoblast  of  full-grown  sponger 

This  feature  is  also  characteristic  of  the  embryos  of  Spongelia  and 
Euspongia. 

The  emhryo  of  the  Gumminete  (Gummina  mimosa)  has  been  in- 
vestigated by  Barrois  (no.  122),  and  has  been  shewn  closely  to  resemble  the 
t3rpical  larvte  of  calcareous  sponges  ;  one  half  being  formed  of  elongated 
tUiated  ceUs  and  the  other  of  rounded  granular  ones. 

Silicispong^c  The  development  of  marine  silicions  sponges  is  but 
very  imperfectly  understood.  The  larvie  of  various  forms — Reniera  (lao- 
dyctia),  Esperia  (Desmacidon),  Raspailia,  Halichondria,  Tethya — have  been 
deHcril>ed.  Barrois  has  shewn  that  the  egg  segments  regularly  and  that  in 
the  earlier  stages  a  segmentation  cavity  is  present.  In  the  later  stages  the 
embryo  appears  to  become  solid.  Externally  there  is  a  layer  of  ciliated  cells, 
and  within  a  mass  of  granular  matter  in  which  the  separate  cells  cannot  be 
made  out.  The  granular  matter  projects  at  one  pole,  and  forms  a  prominence 
poflsihiy  equivalent  to  the  granular  cells  of  Sycandra.  In  some  forms,  e,g. 
Keniera,  the  edge  of  the  unciliated  granular  prominence  may  be  surrounded 
by  a  row  of  long  cilia.'  In  later  stages  the  granular  material  may  project  at 
both  poles  or  even  at  other  points.  Ooe  remarkable  feature  in  the 
development  of  the  Silicispongise  is  the  appearance  of  spicula  between  the 
ciliated  ct^lls  and  the  central  mass,  while  the  larva  is  still  free. 

Prof(*H8or  Schuize  has  informed  me  that  these  spicula  are  developed 
in  niesohlast  coHh  ;  while  the  homy  fibres  of  the  sponge  are  developed 
as  cuticular  products  of  special  mesoblast  cells  (spongioblasts). 
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The  attachment  and  accompanying  metamorpliOBia  are  so  diversely 
described  that  no  satisfi^ctory  account  can  be  given  of  them.  The  general 
statements  are  in  favour  of  the  attachment  taking  place  by  the  posterior 
extremity  where  the  granular  matter  projects. 

Carter  especially  gives  a  very  precise  account,  with  figures,  of  the 
attachment  of  the  larva  in  this  way.  He  also  figures  the  appearance  of  an 
osculum  at  the  opposite  pole\ 

A  very  elaborate  account  of  the  development  of  Spongilla  has  been 
pubUshed  in  Russian  by  Qanin,  of  which  a  Crerman  abstract  has  also 
appeared  (No  124). 

The  ovum  undergoes  a  regular  segmentation  and  becomes  a  solid  oval 
morula^  An  epiblast  of  smaller  cells  is  early  difierenUated,  and  in  the 
interior  of  the  inner  cells  an  archenteron  becomes  subsequently  formed. 
The  inner  cells  next  become  divided  into  an  hypoblastio  layer  lining  the 
archenteron,  and  a  mesoblastic  layer  between  this  and  the  now  ciliated 
epiblast  At  the  narrow  hinder  end  of  the  embryo  the  mesoblast  becomes 
tldckened,  and  largely  obliterates  the  archenteron.  In  this  part  of  the 
mesoblast  silicious  spicula  are  formed.  The  larva  becomes  attached  by 
its  hinder  extremity,  and  in  the  course  of  this  process  flattens  itself  out 
to  a  disc-like  form.  From  the  nearly  obliterated  archenteric  cavity  out- 
growths take  place  which  give  rise  to  the  ciliated  chambers.  These 
are  not  placed  directly  in  communication  with  the  exterior,  but  open,  if  I 
understand  Ganin  rightly,  into  a  space  in  the  mesoblast^  which  subsequently 
acquires  an  exterior  communication — the  primitive  osculum.  The  subse- 
quent pores  and  oscula  are  also  formed  as  openings  leading  into  the  meso- 
blastic cavity,  which  communicates  in  its  turn  with  the  ciliated  chambers. 

It  appears  that  in  tbc  present  unsatisfactoir  state  of  our  know- 
ledge the  larvsB  of  the  Porifei*a  may  be  divided  into  two  groups :  viz. 
(1)  those  which  have  the  form  of  a  blastosphere  or  else  of  a  solid 
morula ;  (2)  those  which  have  the  amphiblastula  form. 

In  the  former  type  the  mesoblast  and  hypoblast  are  formed  either 
from  cells  budded  off  from  the  outer  cells  of  the  b4astosphere  or 
from  the  solid  inner  mass  of  cells;  while  the  outer  ciliated  cells 
become  the  epibl&st.  This  type  of  larva,  which  is  found  in  the 
majority  of  sponges,  is  very  similar  in  its  general  characters  and 
development  to  many  Coelentcrate  planulse. 

The  second  type  of  larva  is  very  peculiar,  and  though  in  its  fully 
developed  form  it  is  confined  to  the  Calcispongise,  where  it  is  the  usual 
form,  a  larval  type  with  the  same  characters  is  perhaps  to  be  found 
in  other  sponges,  e.g.  amongst  the  GumminesB,  and  amongst  the 
Silicispongiae  where  one  half  of  the  embryo  is  without  cilia,  though 

^  Keller  (No.  139)  has  recently  given  an  aoooont  of  the  development  of  Haliohondria 
(Chalinnla)  fertilis.  He  finds  that  there  is  an  irregular  segmentation,  followed  by 
a  partial  epibolic  invagination,  the  inner  mass  of  cells  remaining  exposed  at  one  pole 
and  forming  there  a  prominence,  eqni^ent  to  the  grannlar  prominence  in  the  lary»  of 
other  Silicispongie.  The  free  swimming  larva  resembles  the  larva  of  other  Silieispongia 
in  the  possession  of  spicula,  etc.,  and  after  becoming  laterally  compressed  attaches 
itself  by  one  of  the  flattened  sides.  A  central  cavity  is  formed  in  tiie  interior  wiUi 
ciliated  chambers  opening  into  it,  and  is  subsequently  placed  in  oommnnication  with 
the  exterior  by  the  formation  of  an  aperture  whidi  constitutes  the  osculum. 
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in  the  case  of  the  Silicispongiae  the  cells  of  the  ciliated  part  of  the 
embryo  correspond  to  the  granular  cells  of  the  larva  of  Sycandra. 

The  later  stages  in  the  development  of  the  larvae  of  the  Porifera 
are  not  similar  to  anything  we  know  of  in  other  groups. 

It  might  perhaps  be  possible  to  regard  sponges  as  degraded  descendants  of 
some  ActiDozoon  type  such  as  Alcyonium,  with  branched  prolongations  of 
the  gastric  cavity,  but  there  does  not  appear  to  me  to  be  sufficient  evidence 
for  doing  so  at  present.  I  should  rather  prefer  to  regard  them  as  an 
independent  stock  of  the  Metazoa. 

lu  tliis  connection  the  amphiblastula  larva  presents  some  points  of 
interest.  Does  this  larva  retain  the  characters  of  an  ancestral  type  of  the 
Spongida,  and  if  so,  what  does  its  form  mean  %  It  is,  of  course,  possible  that 
it  has  no  ancestral  meaning  but  has  been  secondarily  acquired;  but,  assuming 
that  this  is  not  the  case,  it  appears  to  me  that  the  characters  of  the  larva 
may  be  plausibly  explained  by  reganling  it  as  a  transitional  form  between 
the  Protozoa  and  Metazoa.  According  to  this  view  the  larva  is  to  be 
considered  as  a  colony  of  Protozoa,  one  half  of  the  individuals  of  which 
have  become  differentiated  into  nutiitive  forms,  and  the  other  half  into 
locomotor  and  respiratory  forms.  The  granular  amosboid  cells  represent 
the  nutritive  forms,  and  the  ciliated  cells  represent  the  locomotor  and 
respiratory  forms.  That  the  passage  from  the  Protozoa  to  the  Metazoa 
may  have  been  effected  by  such  a  differentiation  is  not  improbable  on 
a  priirri  grounds. 

While  the  above  view  seems  fairly  satisfactory  for  the  free  swimming 
stage  of  the  larval  sponge,  there  arises  in  the  subsequent  development  a 
difficulty  which  appears  at  first  sight  fatal  to  it  This  difficulty  id  the 
invagination  of  the  ciliated  cells  instead  of  the  granular  ones.  If  the 
granular  cells  represent  the  nutritive  individuals  of  the  colony,  they,  and 
not  the  ciliated  cells,  ought  most  certainly  to  give  rise  to  the  lining  of  the 
gastrula  cavity,  according  to  the  generally  accepted  views  of  the  morphology 
of  the  S|X)ngida.  The  suggestion  which  I  would  venture  to  put  forward  in 
ex[)lanAtion  of  this  paradox  involves  a  completely  new  view  of  tiie  nature 
and  functions  of  the  germinal  layers  of  adult  Spongida. 

It  is  as  follows : — When  the  free  swimming  ancestor  of  the  Spongida 
became  fixeil,  the  ciliated  cells  by  which  its  movements  used  to  be  effected 
must  have  to  a  great  extent  become  functionless.  At  the  same  time  the 
am(Bl>oid  nutritive  cells  would  need  to  expose  as  large  a  surface  as  possible. 
In  these  two  considerations  there  may,  perhaps,  be  found  a  sufficient  expla- 
nation of  the  invagination  of  the  ciliated  cells,  and  the  growth  of  the 
amoeboid  cells  over  them.  Though  respiration  was,  no  doubt,  mainly 
effected  by  tlie  ciliated  cells,  it  is  improbable  that  it  was  completely 
l(X»i]iz€Hl  in  them,  but  they  were  enabled  to  continue  ])erforming  this 
function  through  the  formation  of  an  osculum  and  |>ores.  The  collared  cells 
which  line  t)ie  ciliattnl  chambers,  or  in  some  cases  the  nidial  tubes, 
are  un<lonbtedIy  derived  from  the  invaginati^d  cells,  and,  if  there  is  any 
truth  in  the  alx>ve  Huggestion,  the  collared  cells  in  the  adult  8i>onge  must 
be  mainly  respiratory  and  not  digestive  in  function,  while  the  epiblastic 
colls,  which  ill  most  cases  line  the  greater  \m,xt  of  the  passages  through 
its  substance',  ought  to  be  employed  to  al«K)rb  nutriment.     The  recent 

^  Tliat  the  greater  part  of  the  flat  cells  wliioh  line  the  pasRageH  of  most  Sponf^cA 
are  really  denved  from  epiblantic  invagiuations  appears  to  me  to  be  proved  by  Schulze's 
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refiearches  of  Metsclinikoff  (No.  134)  on  this  head  shew  that  the  nutriment 
is  lai'gely  can-ied  into  the  mesoblast  cells,  which  in  Sycandra  appear  to 
be  derived  from  the  granuhir  cells,  and  also  that  it  is  taken  up  by  the  cells 
which  line  the  passages,  though  not  by  the  superficial  epiblast  cells. 
Whether  the  collared  cells  generally  absorb  nutriment  is  not  clear  from 
liis  statements  ;  but  lis  finds  that  they  do  not  do  so  in  SUidspongice. 

Professor  Schuize  has  informed  me  by  letter  that  he  finds  the  collared 
cells  to  be  respiratoiy  in  function,  while  the  cells  derived  from  the  granular 
cells  in  Sycandra  are  nutritive.  Carter*,  on  the  contrary,  from  his  obser- 
vations on  Spongilla,  has  fully  satisfied  himself  that  the  food  is  absorbed 
by  the  cells  lining  the  ciliated  chambers. 

If  it  is  eventually  proved  by  further  experiments  on  the  nutrition  of 
sponges,  that  digestion  is  mainly  carried  on  by  the  general  cells  lining  the 
(lassages  and  the  mes(»blast  cells,  and  not  for  the  most  paii)  by  the  ciliated 
cells,  it  is  clear  that  the  epiblast,  mesoblast  and  hypoblast  of  sponges  will 
not  correspond  with  the  similarly  named  layers  in  the  Coelenterata  and  other 
Metazoa.  The  invaginated  hypoblast  will  be  the  respiratory  layer  and 
the  epiblast  and  mesoblast  the  digestive  and  sensory  layers;  the  sensory 
function  being  pi*obably  mainly  localized  in  the  epithelium  on  the  sur- 
face, and  the  digestive  one  in  the  epithelium  lining  the  passages  and  in 
the  mesoblast.  Such  a  fundumental  difierence  in  the  primary  function  of 
the  germinal  layers  between  the  Spongida  and  the  other  Metazoa,  would 
necessarily  involve  the  creation  of  a  special  division  of  the  Metazoa  for  the 
reception  of  the  foimer  group. 
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C(ELENTERATA^ 

H]rdroidea«  The  most  typical  mode  of  development  of  the 
Hydroidea  is  that  in  which  the  segmentation  leads  airectly  to  the 
fonnation  of  a  free  ciliated  two*layered  larva,  known  since  Dalyell's 
observations  as  a  planula.  The  pianola  is  characteristic  of  almost 
all  the  Hydromedusse  with  fixed  bydrosomes  including  the  Hydro- 
coralla  TStylasteridse  and  Millepora),  the  most  important  exceptions 
being  tne  genus  Tubularia  and  one  or  two  other  genera,  and  the 
fresh- water  Hydra. 

In  a  typical  Sertularian  the  segmentation  is  approximately  regular* 
and  ends  according  to  the  usual  accounts  in  the  formation  of  a  solid 
spherical  mass  of  cells.  A  process  of  delamination  now  takes  place, 
which  leads  to  the  formation  of  a  superficial  layer  of  cubical  or 
pyramidal  cells,  enclosing  a  central  solid  mass  of  more  or  less 
irregularly  arranged  cells. 

The  embryo,  in  the  cases  in  which  it  is  still  contained  within  the 
sporosack,  now  begins  to  exhibit  slight  changes  of  form,  and  one 

»L    HYDBOZOA, 

1.     HydromeduSSB.    \TrachyfJduia. 

2.    Siphonophora-    j^tS^^' 
8.    Acraspeda* 

n.    ACTINOZOA. 

1.  Alcyonaiia.   (Ootoooralla ) 

2.  Zoantharia.    (Hexaooralla.) 

m.  CTENOPHORA. 

'  For  a  detailed  desoripiion  of  the  deyelopment  of  a  ringld  speeies  the  reader  ia 
referred  to  Allmaii*B  deeoription  of  Laomedia  flexnosai  No.  149,  p.  S6  et  aeq. 
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extremity  of  it  begins  to  elong<ite.  It  »ooa  becomes  free,  and 
rapidly  assumes  an  elongated  cylindrical  form,  while  acoatin?  ofcilia, 
by  means  of  which  it  moves  sluggishly  about,  appears  on  its  outer 
surface.  A  contral  cavity  appears  in  the  ioterior,  and  the  inner  cells 
form  themselves  into  a  dofioite  hypoblast.  The  larva  has  now  become 
aplaniila,  and  consists  of  a  closed  sack  with  double  walls.  It  continues 
for  some  few  days  to  move  about,  but  eventually  drops  its  cilia,  and 
becomes  dilated  atone  extremity,  by  which  it  then  becomes  attached. 
The  base  of  attachment  becomes  gradually  enlarged  so  as  to  form  a 
dine,  whiclk  spreads  mit  auil  is  frequently  divided  by  fissures  into 
radiating  lobes.  The  free  extremity  becomes  enlarged  to  form  the 
eventual  calyx. 

Over  the  whole  exterior  a  delicate  pellicle — the  future  perisarc — 
now  becomes  secreted.  Round  the  edge  of  the  anterior  eolai^meut  a 
row  of  tentacles  makes  its  appearance.  These,  in  the  embryos  of  tho 
Tubularian  genera,  lie  some  little  way  behind  the  apex  of  the  body. 
After  a  certain  time  the  perisarc,  which  bus  hitherto  been  continuous, 
becomes  ruptured  in  the  region  of  the  calyx,  and  the  tentacles 
become  quite  free.  At  about  the  same  period  a  mouth  is  formed 
at  the  oral  apex. 

The    development  of    Eucopc   polystyhi   ((ig.   68),   one   of  the 


Fl».  09.      TUBKI  lABTt  STtOBH  OF  BuCOrB  POLTariLit. 

A.    BI&stuKpbete  stajfo  with  bfpoblut  ipherea  beeomiug 

1).  Plannla  iite|{e  wilh  noliil  hjipobUsL 
C.  I'lnniiia  aUKS  *ith  n  m»tria  cavitj. 
ep.  epiblant;  hy.  lij-jHjbliut i  al.  HMtrie  cavitj. 

Campanularidie,  deviates  accuiding  to  Kowalevsky  (no.  147)  in 
sonuTwliat  importitut  points  from  the  usual  type.  The  whole 
devolopiuont  taki'.H  place  after  the  deposition  of  tho  ovum.  The 
st^niuiitatiun  results  in  the  formation  of  a  single-walled  blastosphere 
with  a  large  central  cavity  {fig.  68  A).     This  cavity,  somewhat  as 
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in  Ascelta,  becomes  filled  up  with  a  not  clearly  (?)  cellular  material 
derived  from  the  walls  of  the  blastosphere,  which  miiat  be  regarded  as 
the  hypoblast  (fig.  68  B).  The  hirva  elongates  and  beconaea  ciliated, 
and  the  epiblast  at  it<;  two  extremities  becomes  thickened,  and  is 
stated  by  Kowalevsky  also  to  become  divided  into  two  layers.  The 
alimentary  cavity  appears  as  a  slit  in  the  middle  of  the  hypoblast 
(tig.  68  Cj.  The  cilia  after  a  time  disappear,  and  the  larva  then 
becomes  fixed  by  one  extremity.  It  flattens  itself  out  into  a  disc-like 
form,  becomes  divided  into  four  lobes,  and  covered  by  a  cuticle 
(perisarc).  From  the  disc  the  stalk  grows  out  which  dilates  at  its  free 
extremity  iTito  the  calyx. 

In  both  the  groups  (Tubulariu  and  Hydra)  which  are  exceptional  in  nut 
having  B  ciliatc^d  planida  atuge,  ita  absencH  may  be  put  down  to  hii 
abbreviation  of  the  dBvelopinent,  and  in  fact  a,  two-layered  qiiiceccnt  Bt4ige, 
through  which  the  embryo  pasBCB,  may  be  regarded  as  representing  the 
planuU  st4ige. 

The  development  of  Tuhularia,  which  bus  been  described  in  detail  by 
Ciamicion,  takes  place  in  the  gonophore'.  The  segmcutHtion  in  irregiiliir 
and  li'ods  to  the  formation  of  an  epibohc 
gastrulH,  four  large  central  cells  constituting 
the  hypoblast'.  The  larva  now  elongates,  and 
grows  out  laterally  into  two  prooesaea  which 
.constitute  the  first  pair  of  tentacles.  At 
this  stage  it  closely  resembles  the  larvEB  of 
some  Mediuoe.  Additional  tentaclea  are  soon 
formed;  and  a  cential  cavity  apjiears  in  the 
hypoblast,  the  cells  of  which  have  in  the  mean 
lime  become  more  numerous  (lig.  69).  The 
tentacles  are  directed  towards  the  uboral  side, 
which  is  considerably  more  prominent  than 
the  oral  one.  They  contain  a  hypoblttatic 
axis.  The  alwral  end  continues  to  grow  and 
the  tentacles  giuduslly  assume  a  horizontal 
position.  A  coDstriccion  now  appears,  dividing 
the  larva  into  an  aborul  portion  which  will 
eventually  form  the  stalk,  and  an  oral  portion. 
At  the  apex  of  the  latter  a  row  of  short 
tentacles— the  future  oral  tentacles — now  ap[iears.  Tlie  larva  has  at  this 
stage  the  form  known  as  Actimila.  In  this  condition  it  liecomes  hatched, 
and  shortly  afterwards  it  becomes  fixed  by  the  aboral  end  and  grows  into 
a  colony. 

The  development  of  Myriotheta  {AUraan,  No.  150)  takes  place  on  the 
Tubtdariau  tyjw.  The  ovum  invested  by  a  delicate  cajwule  becomes  freed 
by  the  rupture  of  the  gonophore,  and  is  then  taken  up  by  the  remarkable 
clasj)era  characteristic  of  the  genua  In  the  cluspers  it  becomes  fecundated 
and    undergoes   its   fuilher  development.     After   segmentation   a  gastiic 

'  ride  Cinmioifln,  Zeit.  f.  vtUt.  Zoot.,  Bd.  xxm.  1879. 

'  In  examining  tbe  segmentatioD  by  meuiN  of  sections  I  Lave  Tailed  to  detect  an 
apibolio  gastmls  or  lucb  irregularity  an  IE  desorlbed  by  Ciamiciui.  Vrot  Kldnenlirr^ 
infonuB  roc  thtt  he  bus  been  ci^iiall}'  unflucoeEBral. 
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cavity  in  furnitil,  ainl  provisimiitl  U'liMulcit  iiiiNi;  as  a  serii-H  uf  cotiicul 
involutions  whicU  Kubae<iueiitly  liecome  evoluted.  Periiiaiieut  (eiilnuleii  ai'f 
formed  as  conical  papillie  on  a  tmncatwl  (n-al  [ii-otess.  After  iiii(«hiug  it 
has  a  few  days'  free  existence,  and  tiien  l>ecoincs  attaclied,  and  loses  jtti 
provisional  tentaclei'. 

Although  Hydra  itself  coruttitn tea  the  simplest  type  of  tTydroeoon,  ita 
development,  which  hanbeen  fully  investigated  by  Kleineaberg  (No.  i5i},  ia 
in  some  respects  a  little  exceptional.  The  segmentatioii  is  regular,  bnt  a  se^* 
mentation  cavity  is  not  formed.  The  periphei-al  layer  of  cells  gradually 
becomes  converted  into  a  chitinous  membrane,  which  is  perhaps  homologous 
Willi  the  pcrisarc  of  marine  forms.  Between  the  membrane  and  the  germ  a 
second  pellicle  makes  its  appearance.  The  ahove  changes  require  about 
fonr  days  for  theii-  completion,  but  there  next  sets  in  a  period  of  relative 
quiescence  whiuh  \aat»  for  some  G — 8  weeks.  During  this  ]ieriod  the 
remaining  development  is  completed.  The  cells  of  the  germ  first  fuse 
together.  In  the  interior  of  the  protoplasm  a  clear  exceoti-ic  space  arifivs, 
vhich  gradually  extends  itself  and  forms  the  rudiment  of  the  gastric  cavity. 
The  outer  shell  in  the  meantime  becomes  less  firm,  and  is  ttnally  burst  and 
thrown  off,  owing  to  the  expansion  of  the  embryo  within, 

The  outermost  layer  of  the  protoplasm  becomes,  relatively  to  the  inner 
layer,  clear  and  transparent,  and  there  thus  arises  an  indication  of  a  divisioa 
of  the  walls  of  the  archenteric  cavity  into  two  zones,  or  layers.  These  layers, 
which  form  the  epiblast  and  hypoblast,  are  definitely  established  on  the 
appearance  of  cells  with  contractile  tails'  in  the  clear  outer  sone^  betweeii 
which  the  interstitial  epiblast  cells  subsequently  arise. 

The  embryo,  still  forming  a  closed  double-wnlled  sack,  elongates  itself, 
and  at  one  pole  its  wall  becomes  very  thin.  And  at  this  point  a  ruptiira 
t4ikes  place  which  gives  rise  to  the  mouth.  Simultaneously  with  the  mouth 
the  teutnc-les  become  formed  as  hollow  processes,  according  to  Mei'eschlcowsky 
two  being  formed  first  and  subsequently  the  others  in  jiaiis.  Very  shortly 
afterwards  the  hitherto  uniform  hypoblast  becomes  divided  up  into  distinct 
c«lls.  The  thin  inner  pellicle  which  persista  after  the  rupture  of  the  outer 
membrane  becomes  in  the  meantime  absorbed.  With  these  changes  the 
embryo  practically  acquires  the  characters  of  the  adult. 

TrachymedUBSB.  Amongst  the  TrochymeduBa!,  which  as  has  now 
been  satisfactorily  established  develop  directly  without  alternations 
of  generations,  the  embryology  of  species  both  of  the  Geryonidic 
and  the  ,/EginidiB  hoa  been  studied. 

In  all  the  types  so  far  investigated  the  hypoblast  is  formed  by 
delami nation,  and  there  is  a  more  or  less  well-marked  planula 
stage. 

The  development  of  Oeryonia  (Camiarina)  hastata  Las  been 
studied  by  Fol  (No.  i55)andMetschnikoff(No.  163)'.  Theovum.when 
laid,  is  invested  by  a  delicate  vitelline  membrane  an<l  mucous  covering. 
Its  protoplasm  Is  formed  of  an  outer  granular  and  dense  layer,  and  a 


1  Tbcae  c«Ui>  ore  the  so-called  ne 
wcoDd  put  of  Uii8  work. 

*  la  tbe  Buc<!«c<liii)(  ncDoaot  I  1: 
from  Urtschoikofl, 


e-mascle  oellB.     Tlieir  nature  is  diMuised  in  the 
re  foUoired  Fol,  who  differs  in  nome  miuor  poiDts 
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liie  dotted  lines  shew  the 
ooDrae  of  the  neit  pluiee  of 

division. 
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oentral  laeaa  of  a  more  spongy  character.  The  segmentaUon  is  com' 
plete  aod  regular,  and  up  to  the  time  when  thirty-two  segments  havt 
appeared  each  segment  is  composed  of  both 
coQBtituents  of  the  protoplasm  of  the  ovum. 
A  segmentation  cavity  appears  when  sixteen 
segmeots  are  formed,  ana  becomes  somewhat 
lai^r  at  the  stage  with  thirty-two.  At  this 
stage  the  process  of  delaminatioa  commences. 
Each  of  the  thirty-two  s^menta,  as  shewn  in 
the  accompanying  diagram  (fig.  70),  becomes 
divided  into  two  unequal  parts.  The  smaller 
of  these  is  formed  almost  entirely  of  granular 
material;  the  larger  cootains  portions  of 
both  kinds  of  protoplasm.  In  the  next  seg- 
mentation the  thirty-two  large  cells  only  are  Ukbionu.  (Copied  from 
concerned,  and  in  each  of  these  the  hue  of  ^''^) 
division  passes  between  the  granular  and  the 
transparent  protophtsm.  The  sixty-four  len- 
ticular masses  of  granular  protoplasm  thus 
formed  constitute  an  outer  closed  epiblastic 
vesicle,  withiu  which  the  thirty-two  masses  of  transparent  protoplasm 
fonn  an  hypoblastic  vesicle.  The  embryo  aX  this  stage  is  shewn  in 
optical  section  in  fig.  71. 

The  epiblastic  vesicle  now  grows  rapidly, 
white  the  hypoblastic  vesicle  remains  nearly 
pa(«ive  and  becomes  somewhat  lens-shaped. 
At  one  point  its  wall  comes  in  close  contact 
with  the  epiblast.  Elsewhere  a  wide  cavity 
is  developed  between  the  two  vesicles  which 
becomes  filled  with  gelatinous  tissue.    At  this 

Eriod  cilia  appear  on  the  surface,  and  the 
-va  becomes  a  planula. 
The  succeeding  changes  load  rapidly  to 
the  formation  of  a  typicaJ  Medusa.     Wnere 
the  epiblast  and  hypoblast  are  in  contact  the 
former  layer  becomes  thickened  and  forms  i 

The  centre  of  this  becomes  somewhat  protuberant,  fuses  with  the 
hypoblast  and  then  becomes  perforated  to  form  the  mouth  (fig.  72  o). 
The  edge  of  the  disc  forms  a  thickened  ridge,  the  rudiment  of  the 
velum  {v),  which  is  entirely  formed  of  epiblast.  At  its  edge  six  ten- 
tacles (t)  arise,  into  which  are  continued  solid  prolongations  of  the  wall 
of  the  now  somewhat  hexagonal  gastric  chamber.  The  hypoblastic 
axes  of  the  tentacles  soon  lose  their  connection  with  the  gastric 
wall. 

Up  to  this  time  the  larva  has  retained  a  more  or  less  spherical 
form,  and  the  cavity  on  the  under  side  of  the  umbrella  has  not  yet 
become  developed.  The  latter  now  becomes  established  by  the  whole 
disc  assuming  a  vaulted  form  with  the  concavity  directed  downwards. 


Fia.   71.      Embhio  or 
UuiYoiiu  trrxB.  dki^amika- 
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ep.  epiblast  1  Ay.  hypo- 
blast. 

L  disc-shaped  structure. 
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nty  9o  formed  is  derived  from  tlie  epiblast  of  the 
of. 


The  lining  of  the  c 
disc  already  gpokei 

T)ie  extkct  mo<le  of  forniatioa  of  the  gwttro vascular  canals  liaa  not  been 
worked  out.  It  has  however  Iwen 
eetabliBlied  \ij  the  reaearchee  of  tlie 
Hertwigs  (No.  i46)aiidClauB  (No. 
153)  that  tlie  radial  and  circular 
vessels  of  this  system  arc  connected 
toother  in  adult  Mi>duHie  by  an 
hypoblastic  lamella  ;  so  that  these 
cauala  would  seem  to  be  the  rom- 
nttnte  of  an  once  coutiniioUH  gastric 
cavity.  This  mode  of  formation  is 
eatublithed  in  the  case  of  the  raedu- 
siformbads;  and  it  would  therefore 
seem,  as  pointed  out  by  the  Hert- 
wigs,  a  fair  deduction  that  it  occtint 
ill  the  larva — a  conclusion  which  is 
confirmed  by  the  primitive  eitension  of  the  gastric  cavity  to  the  edge  of 
the  disc  at  the  time  when  its  walls  give  rise  t«  the  solid  axes  of  the  tentaolea. 
Tn  the  course  of  the  subnequent  mtiremeut  of  the  gastric  cavity  from  the 
edge  of  the  disc  the  git stro vascular  canals  probably  take  their  ori^n, 
though  Fol  was  unahie  lo  follow  the  changes  which  rpMtdt  in  their 
formation. 

On  the  completion  of  the  above  changes  the  larva  has  become  a 
fully  formed  Medusa,  but  it  undergoes  a  not  inconsiderable  metamor- 
phosis before  the  attainment  of  the  lulult  state. 

Two  species  of  ./EginidcD  have  been  studied  by  Mctschnikoff  (163). 
v\z.  Polyxenii  leucosti/la  {jEffineta  fiaveacetis),  and  ^gijtopais  mediter- 
ranea.    In  both  of  these  forms  the  segnientalion  results  in  the  forma- 


(Aft«r  Fal.) 

o.  inonUi;  v.  velumi  I.  tenMcle. 

The  Bhadcd  pnrt  repreHonU  tlie  tteUti 


VA  (IF  lEoiNOraiH  >>~ITI 

MetBohnikoff.) 
Tiiinitli;  I.  lenlacle. 


tioii  of  an  elongated  two-layered  ciliated  planula,  without  a  central 
uavity.  The  two  ends  of  this  grow  out  into  two  long  processes — the 
ntdiinents  of  n  pair  of  at  first  aborally  directed  arms — wnich  contain  a 
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solid  hypoLlastic  axis  (tig.  73).  At  tliia  stage  tlie  larva  clusely  re- 
seniblea  the  larva  of  Tubularia.  An  aiiiuetitary  cavity  is  hollowed  out  in 
the  centre  of  the  hypoblast  which  soon  opens  by  a  wide  oral  aperture  (m), 
A  second  pair  of  arms  becomes  formed,  which  are  at  first  much  shorter 
than  the  original  pair;  with  their  formation  a  radial  symmetry  is 
acquired.  Sense-organs  become  at  the  same  time  developed,  and  the 
whole  embryo  assumes  a  inedusiform  character.  Fresh  tt^ntaclos 
arise,  the  velum  and  cavity  of  the  umbrella  become  established,  but 
these  changes  do  not  involve  any  points  of  very  special  interest. 

Siphonophora.  The  development  of  the  Siphonophora  has  been 
the  suDJect  of  careful  investigation  by  Haeckel  (isSJand  Metschnikoff 
(163).  The  ova  are  large  and  usually  (except  Hippopodius)  without 
a  membrane. 

They  are  formed  of  a  peripheral  denser  layer  of  protoplasm  and  a 
central  spongy  mass.  They  usually  undergo  their  entire  development 
in  the  water.  In  some  instances  they  have  been  successfully  reared 
by  artificial  impregnation. 

As  an  example  of  the  CalycophoridiP  1  shall  take  Epibiilia 
aurantiitca,  a  form  allied  to  Diphyes,  the  development  of  which  h;w 
been  studied  by  Metachnikoft''. 


FlO,   7*.       TlIBEB 

A.  PUnnla  stage. 

B.  Bix-dajs  larva  with  nectocalji  (ni)  and  Itntnclo  ((). 

C.  Somewhat  oldur  larva  with  gastric  cavity. 

Ii.  epililaM;   hy.  hjrpubUiit;  10.  aomatoc^Ht ;  nc.  nectncal;!; 
TolkcellB-,  ;io.  pol^iite. 

ly  dflsoription  nf  the  (levelopraent  o(  Hie  Siphonnplioi 
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There  is  a  regular  segmentation,  uii accompanied  by  the  formation 
of  a  segmentation  cavity.  At  its  close  the  ovum  becomes  a  Bpherical 
ciliated  embryo.  This  embryo  soon  becomes  elongated,  and  its  cells 
differentiate  themselves  into  a  central  and  a  peripheral  layer — tlie 
cpiblast  and  the  hypoblast  (Ag.  74  A).  At  this  st^e  the  larva  has  the 
typical  plauiila  form.  The  epiblast  is  especially  thickened  at  a  pole, 
which  may  be  called  the  oral  pole,  and  towanis  the  side  of  this,  wbich 
will  be  Rpt^>keu  of  as  the  ventral  side.  Adjoining  this  thickened  layer 
of  epiblast  a  special  thin  layer  of  hypoblast  becomes  ilifferentiated, 
which  in  opposition  to  the  maiu  mass  of  large  nutritive  cells  forms  the 
true  hypoblostic  epithelium  (fig.  74  B,  hy).  On  this  thickening  two 
prominences  make  their  appearance  (fig.  7*  B).  The  oral  of  these  is 
the  rudiment  of  a  tentacle  if),  and  the  aborul  of  a  nectocalyx  (nc). 

The  former  of  these  elongates  itself  in  succeeding  stages  into  a 
process  of  both  epiblnfit  and  hypoblast.  The  central  part  of  the 
uectocalys  on  the  other  hand 
appears  to  originate  from  a 
thickening  of  the  i^piblast  in 
which  the  cavity  of  the  bell  be- 
comes subsequently  hollowed 
out.  Between  this  part  and 
the  external  epiblast  which 
gives  origin  to  the  outermost 
layer  of  tte  nectoealyx  a  layer 
of  hypoblast  is  interposed. 
When  the  nectoealyx  baa  be- 
come to  a  certain  extent  esta- 
blished a  cavity — the  com- 
mencement of  the  primitive 
gastrovascular  cavity  of  tlie 
adult — appears  in  the  general 
hypoblast  between  the  epithe- 
lial and  nutritive  layers  in  the 
immediate  neighbourhood  of 
its  attachment.  This  cavity 
becomes  prolonged  into  the 
nectoealyx  to  form  the  four 
gastrovascular  canals;  while 
the  hypoblast  at  the  upper 
end  of  the  nectoealyx  forms 
the  Homatocyst  (fig.  74  C,  so). 
The  primitive  enteric  cavity 
once  formed  rapidly  extends, 
especially  in  an  oral  direction 
(fig.  74  0),  and  forms  a  widish 
cavity  in  the  oral  part  of  the 
embryo.  At  the  pole  of  this 
plkrt  (fig.  74,  fio)  in  eventually  formed  the  opening  of  the  mouth,  and 
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ihe  contained  cavity  becomes  in  a  special  sense  the  gastric  cavity,    Thia 

■  r^ou  of  the  embryo  may  be  spoken  of  as  the  polypite.   The  nectocalyx 

[TOWS  with  great  rapidity  and  soon  forms  by  far  the  most  prominent 
lert  of  the  larva  (fig.  75).  The  true  gastric  region  or  polypite  (fig.  75, 
)  continues  also  to  grow,  and  a  mouth  becomes  foi-med  at  its  ex- 
mity.  The  aboral  end  of  the  original  body  of  the  embryo  gradually 
Atrophivs. 

At  the  junction  of  the  nectocalyx  and  polypite  the  ccenosarc 
comes  formed,  and  rudiments  of  a  second  nectocalyx  {nc)  and 
Mud  polypite  early  become  visible;  while  a  hydrophyllium  is 
Jjrraed  as  a  bud  which  covers  over  the  first  polypite  and  tentacle 
f(hpk).  With  the  development  of  the  hydrophyllium  the  first  segment, 
■if  the  term  may  so  be  usefl,  is  complete.     The  second  segment  of 

■  which  a  rudiment  is  already  present  as  a  second  polypite  is  inter- 
I'fiBlated  between  the  first  segment  and  the  nectocalyces. 


Fra.  76.     "Ivo  wtAOsa  m  the  dbvelophent  of  STEPnAKouu  pictuh. 
Stage  after  the  deluniu&tion.     ep.  ejiiblastia  iiiTafjUiatioii  to  fonn  pneuma- 

B.  Iiater  stage  artei  the  formation  ol  the  gaatrio  oavit;  in  llie  solid  hjpoblaBl, 
po.  polTpite;  f.  tentacle;  pp.  tmeumatophore:  tp.  epiblastic  invagination  to  tonn 
pneamatocyst :  hy.  hypobbtBt  Burrounding  poeumAtocjat. 

Amongst  the  Phy.TOphoridK  there  is  a  coDsiderablo  range  of 
riation  in  development ;  though  the  variations  concern  for  the  most 
xt  not  very  important  points.  The  simplest  type  hitherto  observed 
I  that  of  Stephanomia  (Halistemma)  pictitm.  The  segmentation  and 
'armation  of  a  two-layered  planula  (fig.  7G)  take  place  in  the  usual  way. 
(etween  the  solid  central  mass  of  nutritive  hypoblast  celts  and  the 
Ipiblast  an  epithelial  hypoblastic  layer  becomes  interposed  which 
tndergoea  a  special  thickening  at  the  aboral  pole.  At  this  pole  a 
lolid  involution  of  epiblast  next  becomes  formefl,  to  which  a  layer  of 
hypoblast  becomes  applied.     The  structure  so  formed  is  the  rudiment 
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of  the  pneumatocyst  (ep).  In  the  next  stt^e  the  air-cavity  of  the 
pneumatocyst  becomes  established  within  the  epiblast. 

The  gastrovascular  cavity  is  formed  in  the  midst  of  the  nutritive 
hypoblast  cells,  which  then  become  rapidly  absorbed  leaving  the 
gastrovascular  cavity  entirely  enclosed  by  the  epithelial  layer  of 
hypoblast  (fiff.  76  B). 

By  the  above  changes  the  more  important  organs  of  the  larva 
have  become  established.  The  one  end  forms  the  pneumatophore, 
and  the  other,  the  oral  part,  the  polypite.  Between  the  two  there  is 
already  present  the  rudiment  of  a  tentacle,  and  a  second  tentacle  soon 
becomes  formed.  The  mouth  arises  as  a  peiforation  at  the  oral  end 
of  the  larva. 

The  pneumatophore  contains  a  prolongation  of  the  gastrovascular 
cavity,  the  fluid  in  which  bathes  the  outer  hypoblastic  wall  of  the 
pneumatocyst  It  has  however  no  communication  with  the  enclosed 
cavity  of  the  pneumatocyst.  In  the  later  developmental  stages  the 
size  of  the  pneumatophore  becomes  immensely  reduced  in  comparison 
with  the  remainder  of  the  larva. 

The  development  of  Physophora  agrees  closely  with  that  of  Stephanoniia 
except  in  one  somewhat  imi)ortant  point,  viz.  in  the  development  of  a 
provisional  hydrophyllium.  This  arises  as  a  prominence  at  the  aboral 
pole,  containing  a  prolongation  of  the  gastrovascular  cavity.  Between  the 
epiblast  and  hypoblast  of  the  prominence  gelatinous  tissue  becomes  deposited, 
and  the  hydrophyllium  is  thus  converted  into  a  large  umbrella-like  organ 
enclosing  the  polypite.  The  two  together  have  a  close  resemblance  to  an 
ordinary  Medusa,  the  polypite  forming  the  mauubrium,  and  the  hydro- 
phyllium the  umbrella.     The  hydrophyllium  is  eventually  thrown  off. 

An  important  type  of  Physopborid  development  is  exemplified  in 
Grystalloidt^  a  genus  closely  allied  to  Agalma.  In  this  type  the  greater 
iwirt  of  the  original  ovum,  instead  of  directly  giving  rise  to  the  polypite, 
becomes  a  kind  of  yolk-sack,  from  which  the  polypite  is  secondarily  budded 
(fig.  77,  yk),  Affahna  aarsii  is  in  this  respect  intermediate  l>etween  Crystal- 
loides  and  Physophora.  Both  these  types  are  remarkable  for  developing  a 
seri^  of  provisional  hydrophyllia  (fig.  77,  h,ph.).  In  both  genera  the  first 
of  those  develops  as  in  Physophora,  and  for  a  long  time  is  the  only  one 
functional. 

The  conclusions  to  l>e  drawn  from  the  above  description  may  be 
summed  up  as  follows.  In  all  the  Siphonophora,  so  far  observed,  the 
starting-point  for  further  development  is  a  typical  ciliated  two- 
layered  planula.  The  inner  layer  or  hvpoblast  is  mainly  formed  of 
large  nutritive  cells.  From  these  cells  an  epithelial  hypoblastic 
layer  becomes  secondarily  differentiated,  the  exact  relations  of  which 
diflFer  somewhat  in  the  various  types.  The  nutritive  cells  themselves  do 
not  appear  to  become  directly  converted  into  the  permanent  hypo- 
blastic tissues.  The  development  of  the  adult  from  the  planula  com- 
mences by  the  thickening  of  the  epiblastic  layer,  usually  at  one  pole 
(the. future  proximal  or  aboral  pole),  and  the  formation  at  this  pole  of  a 
series  of  bud-like  structures  (in  the  growth  of  which  both  embryonic 
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layers  have  a  share),  which  become  converted  into  the  hydrophyllia, 
nectocalycea  etc.     The  maio  oral  part  oftheplanula,  becomes  geoerally 
converted  iuto  the  polypite,  though  in  some  instances  (Crystalloid es) 
it  remains  as  a  yolk-sack,  and 
only  secondarily  gives  rise  to  a 
polypite. 

Two  very  different  views 
have  been  taken  as  to  the  na- 
ture of  the  various  component 
parts  of  the  Siphonophora,  and 
the  embryological  evidence  hns 
been  appealed  to  by  both  sides 
in  coniiraiation  of  their  views. 
By  Huxley  and  Metschnikoff  the 
various  parts — nectocalyces,  hy- 
drophyllia, hydrocysts,  polypites, 
generative  gonophores  etc.  are 
regarded  as  simple  organs,  while 
by  Leuckart,  Haeckel,  Claus  etc. 
they  are  regardeti  as  so  many 
different  individuals  funning  a 
compound  stock.  The  difference 
between  these  two  views  is  not 
merely  as  to  the  definition  of  an 
individual'.  The  question  really 
is,  are  these  parts  originally  de- 
rived by  the  modification  of  com- 
plete zooids  like  the  gonophores  and  trophosomes  of  the  fixed  Hydrozoa 
stocks,  or  are  they  stnictures  derived  from  the  modification  of  the 
tentacles  or  some  other  parts  of  a  single  zooid  ? 

The  difficulty  of  deciding  this  point  on  embryological  evidence 
depends  on  the  fact  that  ontologically  a  tentacle  and  a  true  bud  arise 
in  the  same  way,  viz.  as  papilliform  outgrowths  containing  prolonga- 
tions of  both  the  primitive  germinal  layers.  The  balance  of  evidence 
is  nevertheless  in  my  opinion  in  favour  of  regarding  the  Siphonophora 
us  compound  stocks,  and  the  views  of  Claus  on  this  subject  (Zoologt'e, 
■.p.  271)  appear  to  me  the  most  satisfactory. 

I  The  most  {irimttive  condition  in  probably  that  like  PhyHOpIiora  iu  on 
e»rly  stage  with  an  bydrophyllium  enclouing  a  polj-pite  (cf.  Haeckel  and 
MetBchnikofi).  In  this  condition  the  whole  larva  may  be  compared  to 
a  single  Medusa  in  which  the  primitive  hydi-ophyllium  represents  the 
umbi-ella  of  the  Medusa,  and  the  polypite  the  manubrium.  The  t«atacle 
which  appears  eo  early  is  pi-obably  not  to  be  regarded  as  a  modified  zooid, 
but  AS  a  true  tentacle.  The  absence  of  a  ring  of  tentacles  is  correlated 
with  the  bilateral  symmetry  of  the  Siphonophora. 

1  From  the  expr^Bsions  used  b;  Hniler,  Anatamg  of  InverUbraUd  ^Tn'mali,  p.  119, 
it  appetu^  to  me  posdble  that  hi«  oppoiitioD  to  Lauokart'g  view  is  mainl;  as  to  the 
nature  of  the  iudividQal. 


Fui.  77.  Larv*  o» 
(After  Hocckel.) 

h.ph.  bydrophflliiim;  i 
teutncle:  pp. pneiimatophoi 
yk,  folk-Boolc, 
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The  primitive  zooid  of  a  Siphonophora  stock  is  thus  a  Medusa.  Like 
Sarsia  and  Willnia  this  Medusa  must  be  supposed  to  have  been  capable 
of  budding.  The  ordinary  nectocalyces  by  their  resemblance  to  the 
umbrellas  of  typical  Med  usee  are  clearly  such  buds  of  the  medusiform  type. 
The  same  may  be  said  of  the  pneumatophore,  which,  as  pointed  out  by 
MetMchnikoff,  is  identical  in  its  development  with  a  nectocalyx.  Both  are 
formed  by  a  solid  process  of  epiblast  in  which  a  cavity — the  cavity  of  the 
nectocalyx  or  pneumatocyst — is  eventually  hollowed  out.  Around  this 
there  appears  a  double  layer  of  hypoblast  containing  a  prolongation  of  the 
gastrovascular  cavity ;  and  this  is  in  its  turn  enclosed  by  a  layer  of  epiblast 
which  forms  the  covering  of  the  convex  surface  of  the  nectooilyx  and  the 
external  epiblast  of  the  pneumatophore. 

The  generative  gonophores  are  clearly  also  zooids,  and  the  hydrophyllia 
are  prol^bly  a  rudimentary  form  of  umbrella.  In  many  cases  (Epibulia, 
Stephanomia,  Halistemma  etc.)  the  hydrophyllium  of  the  primitive 
polypite  (manubrium)  is  absent.  In  such  instances  it  is  necessary  to 
suppose  that  the  umbrella  of  the  primitive  zooid  of  the  whole  colony  has 
become  aborted.  Leuckart  origiudly  took  a  somewhat  different  view  from 
the  above  in  that  he  regarded  the  starting-point  of  the  Siphono[)hora  to  lie 
H  compound  fixed  Hydrozoou  stock,  which  became  detached  and  free- 
swimming. 

Acraspeda**  The  embryonic  development  of  several  of  the  fomis 
of  the  Acraspeda  has  been  investigated  by  Kowalevsky  (No.  147)  and 
Clans  (No.  153).  Their  observations  seem  to  point  to  an  invaginate 
gastrula  being  characteristic  of  this  group. 

Amongst  the  forms  with  alternations  of  generations  and  a  fixed 
larval  form  Chrysaora  and  Cassiopea  hjive  been  most  fully  investigateil. 
The  ovum  of  the  former  undergoes  the  first  embryonic  phases  while 
still  in  the  ovary.  In  the  latter  it  is  enclosed  amongst  the  oral 
processes.  A  complete  and  more  or  less  regular  segmentation  leads 
to  the  formation  of  a  single-walled  blastosphere  with  a  small  segmen- 
tation cavity.  Tlie  wall  of  the  blastosphere  next  becomes  invaginated, 
giving  rise  to  an  archenteron  (fig.  78  A).  The  blastopore  soon  closes 
up,  and  the  archenteron  is  converted  into  a  closed  sack  completely 
isolated  from  the  epiblast  (fig.  78  B).  The  surface  of  the  larva 
becomes  in  the  meantime  covered  with  cilia.  The  free  larval  stage 
thus  reache<l  is  similar  to  the  ordinary  Hydrozoon  planula.  After  the 
closure  of  the  blastopore  the  larva  becomes  elongated,  and  one  end 
becomes  narrowed.  By  this  narrowed  extremity  the  larva  soon 
attaches  itself,  and  at  the  opposite  and  broadei  end  a  fresh  involution 
of  the  epiblast  appears  (fig.  78  C) ;  this  gives  rise  to  the  stomo- 
da»um,  which  is  phiced  in  comnmnication  with  the  archenteron  on 
the  absoqition  of  the  septum  dividing  them.  The  relation  of  the 
stomoda^um  to  the  original  blastopore  has  not  been  determined. 

At  the  point  of  atUichment  there  is  developed  a  peculiar  pedal  disc, 
and  around  the  n)outh  there  appears  a  fold  of  epiblast  which  gives 
rise  to  an  oral  disc  (fig.  78  I)).     Two  tentacles  first  make  their  ap- 

'  I  UHe  tliiR  tiTm  for  tlic  Rroup,  often  known  as  the  Discopliora,  which  included  tho 
PelAfn<lH^»  lihizostoniidic,  and  Luc«'ruarida>. 


C<ELENTEnA7A. 


pearance,   but   one   of  tbese  is  priru 
eveatuallv  the  second  overtakt's  it  ii 


rily  much  the  largest,  though 
its  growth.     A  second  pair  of 


Fio.  78.     FouB  sT.\oEB  IN  TiiK  iiBVKuiPMENT  at  CiiKV.'iKiiu.     (After  Claua.) 

A.  Uastmla  Btaee. 

£.     Stage  after  Dlosnre  of  blastopore. 

C,    Filed  Iftrra  with  commencing  etODJodiBiim. 

B.  Fixed  larva  witb  moath,  short  tentaoles,  etc. 

ef.   epiblast;  Ay.  hTpotilast;  (f.  stomodecam;  m.  moath;  &t.  blaatoporc. 

tentacles  next  becomes  formed,  giving  to  the  larva  a  4- radial  symmetry. 
Between  these  four  new  tentacles  subsequently  sprout  out,  and  in 
the  intermediate  planes  four  ridge-like  thickenings  of  the  hypoblast, 
projecting  into  tbe  cavity  of  the  stomach,  make  their  appearance. 
They  imperfectly  divide  the  stomach  into  four  chambers,  to  each  of 
which  one  of  the  primary  tentacles  corresponds  ;  they  may  be  regard- 
ed as  homologous  with  the  mesenteries  of  the  Actinozoa.  The  number 
of  tentacles  goes  on  increasing  somewhat  irregularly  up  to  sixteen. 
AD  the  tentacles  contain  a  solid  hypoblastic  axis.  Muscular 
elements  are  developed  from  the  epiblast. 

With  the  above  changes  the  so-called  Hydra  tuba  or  Seypbistoma 
form  is  reached  (vide  fig.  85).  The  peculiar  strobilization  of  this  form 
ia  dealt  witb  in  the  section  devoted  to  the  metamorphosis. 

Aurcliti  is  stated  by  Kowalevsky  to  develope  in  the  same  way  as 
Oaasiopea;  and  the  ooe  stage  of  Rbizoxtitma  obHurved  in  tliut  in  which  it 
liae  a  (probably  iiivaginale)  gastruta  form. 

In  Felagia  the  ovum  directly  gives  rise  to  a  fiirm  like  tlie  parent.  The 
Hguientatiun  and  the  invaginatiitn  tuke  place  nearly  as  in  Cassnipea,  but  the 
ftrchenteric  cavity  is  relatively  much  smaller,  and  the  large  a[>ace  between  it 
and  the  epihlaat  becomes  filled  with  the  gelatinous  tissue  which  forms  the 
umbrella.  The  blastopore  does  not  appear  to  close  but  to  become  directly 
converted  into  the  mouth.  As  in  Csssiopea  the  larva  takes  a  somuwliat 
four-sided  pyraniidal  form.  The  mouth  is  placed  at  the  base.  The  pyramid 
becomes  subiieqiiently  flatter,  and  at  the  four  comei-s  foiu*  t«ntacle8  grow 
out  which  increase  to  eight  by  diviaion.     Tbe  flattening  continues  till  the 
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liirvtt  reachss  a  furm  haiilly  tn  W  distinguinhed  from  the  Ephyra  i-estiltitig 
from  the  Btrobilizatiou  of  the  fixed  Scyptiistoiua  furiii  of  other  Acraajteda. 

Alcyonidie.  lu  tlie  Alcyonidaj  the  segmentation  appears  &lwayt> 
to  lead  to  the  formation  of  a  solid  morula,  which  becomes  a,  planula 
by  delamiuation.  The  true  euteric  cavity  is  formed  by  an  absorption 
of  the  central  cells,  but  the  axial  portion  of  the  gastric  cavity  and 
mouth  are  formed  by  au  epiblaatic  iavaginatiou. 

The  developiueDt  of  these  types  hos  been  laainly  studied  by  Kowftle\-sky 
(147),  and  my  knowledge  of  his  I'eaults  is  derived  from  German  abatractd 
uf  tlie  original  Rnssiaii  memoirH. 

In  Alci/oniuin  palnuUum  the  impregnation  Is  external.  The  seg- 
mentation ia  TBiy  exceptional  in  chanicter.  It  commences  with  the 
formation  of  a  series  of  irregiJar  prominences  on  the  surface  of  the 
ovum,  which  become  segmented  off  to  form  a  auporticial  layer  of  epiblast 
cells.  The  inner  mass  of  protoplasm  then  divides  up  into  polygonal 
cells  to  form  the  hypoblast,  which  would  thus  seem  to  be  formed  by 
a  kind  of  delauiination.  Id  Clavidaria  croMa  (No.  168)  there  is  a  complete 
segmentation  followed  by  b  delami nation.  The  larva  of  Al.  paimaium 
elongates  and  becomes  ciliat«d,  and  ao  assumes  the  character  of  a  typical 
plannla.  The  ceatml  hypoblast  is  fonued  of  an  outer  granular  stratum 
with  imperfectly  differentiated  cells— the  true  hyfioblast — and  an  inner 
homogeneous  msM  with  vacuolea. 

Some  of  the  larvn  become  fiii>d,  while  others  coalesce  together  and 
form  a  large  mass,  the  fate  of  which  has  not  been  further  studied.  An 
invagination  of  epiblast  takes  place  at  the  free  end  of  the  fixed  larva,  which 
gives  rise  to  tlid  so-called  gastric  cavity,  i,  e.  the  axial  poi-tion  of  the  general 
euteric  cavity,  which  would  ap|>ear  to  be  in  reality  a  kind  of  Htomodieuni. 
Around  the  gastric  cavity  the  hypoblast  forms  eight  mesenteries,  the 
chaiubers  between  which  are  filled  with  the  homogeneous  niDtcnal  which 
occupied  the  centre  of  the  ovum  in  the  previous  stage.  It  is  to  be 
presumed,  though  not  stat«d,  that  by  an  absoq>tion  of  the  blind  end 
of  the  stomodsial  invagination  the  gastric  chaniber  is  placed  in  free 
oommunication  with  the  spaces  between  the  mesent«ries'.  Dui-ing  the  nest 
stage  the  young  Alcyonium  aldo  acquires  eight  tentacles,  which  arise  as 
hollow  papillfe  opening  into  the  eight  mesenteric  chambers.  By  this  stage 
also  the  matter  tilling  up  the  mesenteric  chambers  Is  nearly  absorbed. 

Between  the  ejiiblast  and  hypoblast  there  is  formed  an  homt^neous 
membrane,  which  jienetratea  in  between  the  two  layers  of  hypoblast 
which  form  the  mesenteriei  On  the  outer  side  of  this  membrane,  and 
therefore  presumably  derived  from  the  epiblast,  is  a  layer  of  oinnectii'e- 
tisBUe  cells,  which  eventually  gives  rise  to  the  abundant  gelatinous  tissue 
(coeneuchyma)  in  which  the  dceletal  elements  are  deposited.  In  Siftnpodium 
ctnYiZ/oii/M  Kowalevsky  (Xo.  168)  has  shewn  still  more  completely  the  deriva- 
tion of  the  stellate  mesoblost  cells  from  the  epiblast.  He  Gods  that  the 
cnlcareuua  spicula  develo|)e  in  these  cells  as  in  the  mesoblast  oella  of 
sponges.  The  branched  gas tro- vascular  canals  in  this  tissue  are  out- 
growths of  the  primitive  enteric  cavity.  A  layer  of  circular  muscles  is 
fonued  at  a  late  period  from  the  epibl^t,  but  the  longitudinal  musclea  of 
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the  meseuieries  on  the  inner  side  of  the  homogeneous  membrane  are 
regarded  bj  Rowalevskj  as  hypoblastic. 

A  ciliated  planula  with  delaminated  hypoblast  is  also  found  in  Gorgonia 
and  CorcUlium  rubram.  In  the  former  genus  at  the  time  when  the  larva 
becomes  fixed,  the  hypoblast  is  formed  of  two  strata,  an  outer  one  of 
columnar  cells,  and  au  inner  one  of  round  ciliated  cells  lining  a  central 
enteric  cavity.  The  inner  layer  is  believed  by  KowalevBky  to  become 
eventually  absorbed  and  to  be  homologous  with  the  inner  granular  mass  of 
Alcyonium. 

ZSoantharia.  Amongst  the  Zoantharia  several  forms  have  been 
investigated  hj  Kowalevsky  (147)  and  Lacaze  Duthiers  (170),  of 
which  some  are  stated  by  the  former  author  to  pass  through  an 
invaginate  gastrula  stage,  while  in  other  instances  the  hypoblast  is 
probably  formed  by  delamination. 

To  the  first  group  belongs  an  edible  form  of  Sea  Anemone  found 
near  Messina,  Cerianthus,  and  perhaps  also  Caryophyllium.  In  the 
first  of  these  segmentation  results  in  the  formation  of  a  blasto- 
sphere.  A  normid  invagination  obliterating  the  segmentation  cavity 
then  ensues,  and  the  blastopore  narrows  to  form  the  moiith.  The 
borders  of  the  mouth  bend  inwards  and  so  give  rise  to  the  gastric 
cavity  (stomodaeum)  which  as  in  the  Alcyonidae  is  lined  by  epibiast. 
Simultaneously  with  the  formation  of  the  mouth  there  appear  the 
two  first  mesenteries. 

In  Cerianthus  the  segmentation  is  unequal,  the  early  stages  are  the 
same  as  in  the  Actinia  just  described,  but  the  hypoblast  cells  give  rise 
to  a  mass  of  fatty  material  filling  up  the  enteric  cavity,  which  becomes 
eventually  absorbed. 

In  the  majority  of  the  Zoantharia  so  far  investigated,  including 
species  of  Actinia,  Sagartia,  Bunodes,  Astroides,  Astrsea,  the  seg- 
mentation, which  is  often  unequal^  and  not  accompanied  by  the 
formation  of  a  segmentation  cavity,  results  in  a  solid  two-layered 
ciliated  planula.  In  these  forms  the  impregnation  takes  place  in  the 
ovary,  and  the  early  stages  of  development  are  passed  through  in 
the  maternal  tissues. 

One  end  of  the  planula  becomes  somewhat  oval  and  develops 
a  special  bunch  of  cilia.  At  the  other  end  a  shallow  depression 
appears,  which  becomes  deeper  and  forms  an  involution  lined  by 
epibiast.  This  involution  is  the  stomodaeum,  and  becomes  the 
so-called  gastric  cavity.  The  true  enteric  cavity  lined  by  hypoblast 
is  for  some  time  filled  with  yolk  material.  The  larva  always  swims 
with  the  aboral  end  directed  forwards. 

Between  the  two  embryonic  layers  a  homogeneous  membrane 
is  formed,  similar  to  that  already  described  in  the  Alcyonidae. 

The  further  development  of  the  larvse  especially  concerns  the  formation 
of  mesenteries,  tentacles  and  calcareous  skeleton.  With  reference  to  this  sub- 
ject the  observations  of  Lacaze  Duthiers  are  especially  valuable  and  striking. 

^  I  have  this  on  the  authority  of  Eleinenberg.   The  existence  of  an  unequal  segment 
tation  probably  indicates  an  epibolic  gastrula. 


HO  ZOANTnARIA. 

In  the  &dult  it  is  usually  [wssible  to  recognize  id  tlic  U^ntacles  ■ 
Bjmnietry  of  sis.  There  are  am  primary  tentaclcH,  nil  secondftry,  twelve 
tertiary,  twenty-four  quateman?,  etc.  In  the  bard  aejita  of  Iho  akuleton 
the  same  law  is  followed  up  to  the  third  cycle,  but  beyond  that,  in  the 
cases  where  the  point  can  be  veritied,  there  appeiir  to  \ie  only  twelve  aepta 
in  each  additional  oycle.  The  obeervatioDS  of  LAcaze  Duthiera  have  shewn 
that  this  symmetry  b  only  secondarily  acquired  and  does  not  in  the  least 
correspond  with  the  suineaHion  of  the  partn  in  development. 

His  observations  were  conducted  on  tliree  species  of  Zoantharia  without 
a  skeleton,  viz.  Actinia  mesembry  anthem  urn,  Sagartia,  and  Bunodes  gem- 
mawea ;  while  Aetroides  calycularis  served  as  the  type  for  his  iiiventi- 
gRtions  on  the  condlum.  It  will  be  convenient  to  commence  with  bis 
reeulta  on  Actinia  mesembry  an  the  mum  which  served  as  his  type. 

The  free  cylindrical  embryo,  with  the  aboral  end  directed  forwards  in 
swimming,  first  becomes  soinewbat  flattened  and  the  month  elongated.  A 
bilateral  symmetry  is  thus  brought  about.  Two  mesenUtries  now  make 
their  appearance  transversely  to  the  long  axis  of  the  mouth,  which  divide 
the  enteric  cavity  into  two  unequal  cfiambern.  Tlio  mesenteries  conust  of 
a  fold  of  hypoblast  with  a  prolongation  of  the  epiblast  between  the 
two  limbs  of  the  fold.  The  larger  chamber  nest  becomes  divided  by 
two  fresh  mesenteries  into  three,  and  a  umilar  division  then  takeb 
phtce  in  the  smaller  chamber.  The  stage  with  six  chambers  is  almost 
immediately  succeeded  by  one  with  eight,  owing  to  the  appearance 
of  two  fi'esh  mesenteries  in  the  second-formed  set  of  chambers.  At 
the  stage  with  eight  chambers  there  is  a  marked  jteriod  of  repose.  The 
number  of  chambers  is  increased  to  ten  by  the  division  of  the  third-formed 
set  of  chambers,  and  to  twelve  by  the  division  of  the  fourth-formed  set.  It 
will  be  observed  that  the  number  of  the  chambere  increases  in  arithmetical 
progression  by  the  continual  addition  of  two,  all«ruately  cut  off  from  the 
primitive  large  and  small  chambem.  The  freshly  formed  charabeni  are 
always  formed  immediately  on  one  side  of  the  primitive  mesenteries.  The 
■tagea  with  six  and  ten  are  of  very  short  duration.  The  two  primitive 
cliamlters  are  necessarily  at  the  ends  of  the  long  axis  of  the  mouth. 
Aft«r  the  division  of  the  enteric  cavity  into  twelve  chanibem,  these 
cbambera  become  about  equal  in  siz^,  and  the  formation  of  the  tentacles 
ooRimenoe*.  The  law  regulating  the  appearance  of  the  tentacles  is  nearly 
the  same  aa  tliat  for  the  mesenteries,  but  is  not  quite  so  precise.  One 
tentacle  make*  its  appearance  for  each  chamber.  The  most  remarkable 
feature  in  the  appearance  of  the  tentacles  is  due  to  the  fact  that  the 
toitluule  snnuuuoting  the  primitive  largest  chamber  arises  before  any 
of  the  others,  and  long  retains  its  supremacy  (iig.  80  A).  This 
fact,  cnuplnd  with  the  inequality  of  the  two  primitive  chambers,  supplies 
some  grounds  for  speculating  on  a  possible  descent  of  the  Coilenterata 
fmm  Tiilat<iially  symmetrical  forms  with  distinctly  differentiated  dorHal 
and  ventral  surfaces.  The  supremacy  of  the  first  formed  tentacle  is 
not  confinod  to  the  Actinozoa,  but  as  has  already  been  indicated,  ia 
also  found  in  the  Scyphititoma  (p.  137)  of  the  Acraspeda. 

After  the  twelve  tentacles  have  become  established  they  become 
•(wondarily  divided  into  two  cycles  of  nix  resjiectively  larger  and  smaller 
tentaclcH,  which  alt^rmit*  with  eat-h  other.  The  two  tentacles  pertaining 
to  the  two  original  chambeis  belong  to  tlio  cycle  of  larger  tentacles.     The 
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In  this  yoonger  cQutad  embryo  A,  viewed 
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meaenteric  filaments  appear  first  of  all  on  the  primary  pair  of  septa. 
The  increase  in  the  number  of  tentacles  and  chMnbers  &t>m  12  to  34 
has  been  found  to  take  place  in  a  very  remarkable  and  unexpected  way. 
The  law  is  expressed  by  I^caza 
Duthiers  aa  follows.  "The  ap- 
pearance of  the  new  chambers  is 
not,  as  has  been  believed,  a  con- 
sequence of  the  production  of  a 
single  chamber  between  each 
of  the  twelve  already  existing 
chambers,  but  of  the  birth  of  two 
new  chambers  in  each  of  the 
six  elements  (ohambera)  of  the 
smaller  cycle."  The  result  of 
this  law  ifl  that  a  pair  of  tentacles 
of  the  third  cycle  is  placed  in 
ereiy  alternate  space,  between 
a  large  and  a  snull  tentacle,  of 
the  two  already  oxisdng  cycles, 
which  may  conveniently  be  called 
the  first  and  second  cycles  (fig. 
SOB). 

The  twenty -four  tentacles 
formed  in  the  above  manner  a 
obviously  at  Gist  very  irregularly 
arranged  (fig.  80  B),  but  they 
soon  acquire  a  regular  arrangement  in  three  graduated  cycles  of  6,  6  and  1 2. 
The  first  cycle  of  the  six  lai^est  tentacles  is  the  large  cycle  of  the  previous 
stage,  but  the  two  other  cycles  are  heterogeneous  in  their  origin,  each  of 
them  being  composed  partly  of  the  twelve  tentacles  last  formed,  and  partly 
of  the  six  tentacles  of  the  second  cycle  of  the  previous  stage. 

The  further  law  of  multiplication  has  been  thus  expressed  by  Locaze 
Duthiers :  "  The  number  of  chambers  and  still  later  that  of  the  corre- 
sponding tentacles  is  carried  from  24 — 48  and  from  48 — 96  by  the  birth  of 
a  pair  of  elements  in  each  of  the  12  or  34  chambers,  above  which  are  placed 
the  smallest  tentacles  which  together  constitute  the  fourth  or  fifth  cycle. 
Since,  after  the  formation  of  each  fresh  cycle,  the  arrangement  of  the 
tentacles  again  becomes  symmetrical,  it  is  obvious  that  all  the  equal  sized 
cycles  except  the  first  are  formed  of  tentacles  entirely  heterogeneous  as  to 
age." 

The  fixation  of  the  free  swimming  larva  takes  place  during  the  period 
when  the  tentacles  are  increasing  from  12  to  24. 

TTie  general  formation  of  the  chambers  in  Bunodes  and  Sagartia  is 
nearly  the  same  aa  in  Actinia. 

In  the  two  types  of  Actinozoa  with  an  embolic  gastrula  stage  the  laws 
as  to  the  formation  of  the  tentacles  do  not  appear  to  be  the  same  as 
those  regulating  the  forms  observed  by  I^caze  Duthiers, 

In  OerianthuB  four  tentacles  are  formed  simultaneously  at  the  period 
when  only  four  chambers  are  present.  In  Arachnitis  (Edwareia)  the 
succession  of  the  tentacles  is  stated  (A.  Agaseii,  i66)  to  resemble  that  in 
Cerianthua.  There  are  originally  four  tentacles,  and  at  one  extremity 
of  the  long  axis  of  the  mouth  ar»  the  oldest  tentaidea,  while  at  the  other 


142 


ZO  A  NTH  ART  A. 


toDtaclefl    «re    coiut«ntly    added   in   iwire.     An   odd    tentacle   is   always 
found  at  the  extremity  of  the  mouth  opposite  the  oldest  tcntaclm. 

In  the  other  species  with  an  vmbolic  gaatrula  eight  tentacles  would 
seem  to  appear  simultimeously  at  the  period  when  eight  chambers  are 
present ;  though  on  this  point  KowalevBky's  description  is  not  very  clcftr. 
The  presence  of  such  a  stage  would  seem  to  indicate  a  close  affinity  to 
the  Alcyonide. 

Amongst  the  aclerodermatouB  Actinozoa,  except  Carjophy Ilium,  the 
embryo  closely  resembles  that  of  the  delaminato  Malacodermata.  Tlie 
first  stages  occur  in  the  ovary,  and  the  larva  is  dohiHced  into  the  body 
caviW  as  a  two-layered  ciliated  planula. 

The  laws  affecting  the  formation  of  the  first  twelve  tentacles  and 
Mpta  appear  to  be  nearly  the  same  as  for  the  Malacodermata.  The 
hud  parts  begin  as  a  rule  to  be  formed  when  twelve  tentacles  have 
appeared,  at  whicli  period  also  the  fixation  of  the  larva  takes  place. 
Oa  fixation  the  larva  l>ecomes  very  much  flatt«ned. 

The  first  parts  of  the  oorallum  to  appear  are  twelve  of  the 
septa,  which  arise  simultaneously  in  folds  of  the  enteric  wall  in  the 
chambers  bHtoten  the  meienteriet,  and  correspond  therefore  with  the 
tentacles  and  not,  as  might  lie  Bujiposed,  with  the  mesenteries.  Each 
septum  ia  formed  by  the  coalescence  of  three  calcareous  plates  which 
onginate  in  separate  centres  of  calcification.  Tlie  concrescence  of  thn 
three  produces  a  Y-sliaped  plate  witli  the  single  limb  directed  inwardH 
and  the  two  limbs  oatwards  (fig.  81).  The  theca  does  not  arise  till  after 
the  septa  have  become  formed,  and  is  at  first  a  somewhat  membranous 
cap  quite  distinct  from  the  septa.  The  columella  is  formed  still  later 
by  the  coalescence  of  a  series  of  nodules  which  are  formed  in  a  central 
axil  cnalosed  by  the  inner  ends  of  the  septa. 

After  the  formation  of  the  theca  the 
septa  become  divided  iuto  two  cycles  by  the 
predominant  growth  of  six  of  them.  On  the 
coalescence  of  the  septa  with  the  theca  the 
space  between  the  two  limbs  of  the  Y  be- 
cnmett  filled  up  with  calcareous  tissue.  Tlie 
law  of  the  formation  of  the  third  cycle  of 
septa  (12 — 24)  has  not  been  worked  out,  so 
that  it  is  not  possible  to  state  whether  it 
fiillowB  the  peculiar  principles  r^ulating  the 
growth  of  the  tentacles. 

The  whole  of  the  skeletal  parts  occupy 
a  position  lietween  the  epihlast  and  hypo- 
blast, and  are  exactly  homologouB  in  this 
respect  with  the  skeleton  of  the  Alcyonidm. 
By  Lacaze  Duthiers  they  are  however  be- 
lieved to  originate  in  the  hypoblast,  but 
from  the  observations  of  Kowalevaky  there 
can  be  little  doubt  that  thej  arise  in  the  con- 
nective tissue  between  the  two  emiityonic 
layers  which  Ih  probably  epiblastic  in  origin. 
A  jteculiar  larva,  probably  belonging 
to   the    Actinozoa,  has   liecn   described  by 


Flo.  81.    LuRTjt  or  Astboidbh 


(After 
I^caxe  Duthiets.) 

Tha  Hgnre  ■hen  the  develop 
ment  of  the  T-*ha|)cd  lepta  in 
the  inWrvkiR  between  Ibe  mewn- 
terieii.  The  poHition  of  the  latter 
is  indicate!]  h;  the  faint  (hailiDK- 
The  theca  ban  become  dcTetoped 
extctnatly. 
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Semper  ^  It  has  an  elongated  form  and  is  provided  with  a  longitudinal 
ridge  of  cilia.  There  is  a  mouth  at  one  end  of  the  body  and  an  anus  at 
the  opposite  extremity.  The  mouth  leads  into  an  oesophagus,  which  opens 
freely  into  a  stomach  with  six  mesenteries.  In  the  skin  are  numerous 
thread-cells.  A  mesotrochal  worm-like  larva,  also  provided  with  thread- 
cells,  and  found  at  the  same  time,  was  conjectured  by  Semper  to  be 
a  younger  form  of  this  larva. 

Ctenophora.  The  ovum  of  the  Ctenophora  is  formed  of  an  outer 
granular  protoplasmic  layer  and  an  inner  spongy  mass  with  fatty 
spherules.  It  is  enveloped  in  a  delicate  vesicle,  the  diameter  of 
which  is  very  much  greater  than  that  of  the  contained  ovum.  This 
vesicle  appears  to  be  filled  with  sea-water,  in  which  the  ovum  floats. 

Fertilized  ova  may  usually  be  easily  obtained  by  keeping  the 
captured  adults  in  water  from  12 — 24  hours.  The  two  main 
authorities  on  the  development  of  these  forms  (Eowalevsky,  No.  147 
and  178  and  Agassiz,  No.  172)  are  unfortunately  at  variance  on  one  or 
two  of  the  most  fundamental  points.  It  seems  however  that  the 
embryonic  layers  are  formed  by  a  kind  of  epibolic  gastrula ;  while 
the  true  gastric  cavity,  as  distinct  from  the  gastrovascular,  is  formed 
by  an  invagination,  and  deserves  therefore  to  be  regarded  as  a 
form  of  stomodseum. 

The  early  stages  are  very  closely  similar  in  all  the  types  so  far 
observed.  Segmentation  commences  by  the  outer  layer  of  the 
ovum,  which  throughout  behaves  as  the  active  layer,  forming  a 
protuberance  at  one  pole,  which  may  be  called  the  formative  pole. 
Close  below  this  protuberance  is  placed  the  nucleus.  In  the  median 
line    of   the  protuberance   a   furrow   appears    (fig.   82  A),  which 


Fig.  82.     Five  staoeb  in  the  detelophent  of  Idtia  roseola.     (After  Agassiz. ) 
The  protoplasmic  layer  of  the  OYum  is  represented  in  black. 

gradually  deepens  till  it  divides  the  ovum  into  two.  The  granu- 
lar layer  follows  the  furrow  so  that  each  of  the  fresh  segments, 
like  the  original  ovum,  is  completely  invested  by  a  layer  of  granular 
protoplasm.  Each  segment  contains  a  nucleus.  A  second  similar 
division  at  right  angles  to  the  first  gives  rise  to  four  segments 
(fig.  82  B),  and  the  segments  so  formed  become  again  divided 
into  eight  (fig.  82  C).  In  the  division  into  eight,  which  takes 
place  in  a  vertical  plane,  the  segments  formed  are  of  unequal  size; 

^  **  Ueb.  einige  tropische  Larven-formen."    Zeit,f,  tritt.  Zool,t  vol.  ztii.  1867. 
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four  of  them  being  much  smaller  than  the  others.  The  eight 
segments  are  arranged  in  the  fonn  of  a  slightly  curved  disc  round 
a  vertical  axis — the  future  lone  axis  of  the  body; — and  there  is  a 
cavity  in  this  axis  which,  like  the  segmentation  cavity  of  Sycandra 
raphanuSy  is  open  at  both  extremities.  The  disc  with  its  concavity 
on  the  side  of  the  formative  pole  has  the  shape  sometimes  of  an 
ellipse  (fig.  82  C)  and  sometimes  of  a  rectangle,  in  which  the 
four  small  spheres  occupy  the  poles  of  the  longer  axis.  A  bilateral 
symmetnr  is  thus  even  at  this  stage  clearly  indicated. 

In  the  next  phase  of  segmentation  the  granular  layer  sur- 
rounding each  segment  again  forms  a  protuberance  at  the  formative 
pole,  but,  instead  of  each  segment  becoming  divided  into  two  equal 
parts,  the  protoplasmic  protuberance  alone  is  divided  off  from  the 
main  segment.  In  this  way  sixteen  spheres  become  formed,  of 
which  eight  are  large  and  are  formed  mainly  of  the  yolk  material 
of  the  inner  part  of  the  ovum,  and  eieht  are  small  and  entirely 
composed  of  the  granular  protoplasm.  The  eight  small  spheres  form 
a  rine  on  the  formative  surface  of  the  large  spheres  (fig.  82  D). 

The  small  spheres  now  increase  very  rapidly  (fig.  82  £),  partly 
by  division  and  partly  bv  the  formation  of  fresh  cells  from  the 
large  spheres;  and  spread  over  the  large  spheres,  forming  in  this 
way  an  epibolic  gastrula.  They  constitute  a  layer  of  epiblast 
(Fig.  83  A.)  The  large  cells  in  the  mean  time  remain  relatively 
passive,  though  during  the  process  they  divide,  in  some  cases  more 
or  less  irregularly,  while  in  Eucharis  they  divide  into  sixteen. 
The  axial  segmentation  cavity  would  seem  during  the  process  to 
become  obliterated. 

There  is  an  important  discrepancy  between  the  statements  of  Kowalevsky 
and  Agassiz  as  to  the  course  of  the  growth  of  the  small  cells.  According 
to  Aguflsiz  the  small  cells  grow  most  rapidly  at  the  formative  pole 
and  cover  this  before  they  meet  at  the  opposite  pole.  The  reverse 
statement  is  made  by  Kowalevsky.  It  would  seem  that  the  above 
discrepancy  is  due  to  an  interchange  on  the  part  of  the  one  or  the 
other  of  Uiese  authors  of  the  two  poles  of  the  embryo,  in  that  according 
to  Agassiz  the  f  >rmation  of  the  mouth  takes  place  at  the  fomuUive  pole^ 
and  according  to  Kowalevsky  ai  the  pole  opposite  to  this. 

Without  attempting  to  decide  between  the  above  views,  we  shall 
speak  of  the  pole  at  which  the  mouth  is  formed  as  the  oral  pole. 

The  formation  of  the  alimentary  cavity  commences  shortly 
after  the  complete  investiture  of  the  embryo  by  the  epiblast 
cells.     At    the   oral   pole   an   invaginaticm   of   epiblast  cells   takes 

Klace  (fig.  83  B),  which  makes  its  way  towards  the  opposite  pole, 
lore  especially  from  the  figures  given  by  Agassiz,  and  from  the 
explanation  of  his  plates,  it  would  seem  that  a  large  chamber  is 
formed  in  the  hypoblast  at  the  end  of  the  invaginated  tube,  into 
which  this  tube  soon  opens  (fig.  83  C).  The  invaginated  tube 
would  seem  to  give  rise  to  the  so-called  stomach,  while  the  chamber 
at  its  aboral  extremity  is  no  doubt  the  infundibulum,  which  as  may 


FlO.  83.     FoUBariOEBIHTaBDETILOP- 

iNT  or  Idyu  BOttioLi.    (After  AsmbIz.  ) 
I.e.  HiiBeo&pinle;  n 
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be  gathered  from   Kowalevsky'a  etatementa,  is  lined  by  a  flattened 

epithelium.     At  a  later  period  the  gaatro-vascular  canals  grow  out 

from    the    infundibuluoi   as   four 

pouches,  which  are  surrounded  by, 

and  grow  at  the  expense  of,  the 

large  ceutml  cells,  wliicb  have  in 

the  meantime  arranged  themselves 

in  four  masses,  and  appear  to  serve 

as  a  kind   of  yolk.     The   nuclei 

uf  these   large   cells  accoiding  to 

Kowalevsky   disappear,    and    the 

cells    themselves    break    up   into 

continually  smaller  masses. 

The  miuD  diffioulty  in  the  above 
deecription  of  Agassiz  is  the  origin  <^ 
tbe  infundibulum.  Id  the  absence  of 
definite  statementa  on  this  head  it 
seems  reasonable  to  conclude  that  it 
arises  as  a  B{)ace  hollowed  ont  in  the 
central  cells,  and  that  ita  walls  are 
formed  of  elemeuts  derived  from 
the  yolk  cells'.  On  this  interpretation  the  alimentary  canal  of  tlie 
Ctenophora  would  consist,  as  in  Uio  Acraapedote  Medusn  and  Actinozoa, 
of  two  sections:  (1)  A  tnie  hjpoblastic  section  consisting  of  the  infuu- 
dibuhtm  and  the  gaatro-vascular  canals  derived  from  it ;  and  (2)  an 
epiblaatic  section — the  stomodKum — forming  the  atomach. 

The  observations  of  Kowalevaky  on  the  alimentaiy  system  do  not 
wholly  tally  with  those  of  Agassis  He  finds  that  the  oral  side  of  the 
embryo  becomes  hollowed  out,  and  that  tbe  hollow,  lined  by  flattened 
cells,  becomes  constricted  off  as  the  infundibulum,  from  which  the  radial 
canals  subsetjuently  grow  out  To  tbe  infundibulum  there  leads  a 
narrow  canal  lined  by  a  columnar  epithelinm  which  becomes  the  gastric 
cavity. 

While  the  alimentary  canal  is  becoming  formed  a  series  of 
important  changes  takes  place  in  other  part«  of  the  embryo.  Tbe 
rows  of  locomotive  paddles  flrat  appear  as  four  longitudinal  equi- 
distant linear  thickenings  of  the  epiblast  near  the  aboral  pole 
(fig.  83  D).  On  the  projecting  surface  of  these  ridges  stiff  cilia 
appear  which  coalesce  together  to  form  tbe  paddles.  While  the 
embryo  is  still  within  the  egg  the  rows  of  paddles  are  quite  short 
and  also  double.  There  are  in  Pleurobrachia  about  eight  or  nine 
pairs  of  paddles  in  each  row.  IJ^ach  double  row  eventually  separates 
into  two. 

In  all  the  forms  except  the  Eurostomata  (Beroel  two  tentacles 
grow  out  as  thickenings  of  the  epiblast  (fig.  84  B,  t).  They  are  placed 
at  tbe  opposite  poles  of  tbe  long  transverse  axis  of  the  embryo. 
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k  process  of  tbe  contractile  gel&tinous  tissue  of  the  body,  the  oririn 
'hich  is  described  below,  makes  its  way,  according  to  Kowalev^y, 


Ap 

of  which  L 

into  the  tentacleti. 

The  central  apparatus  of  the  nervous  system  and  the  otoliths 
are  formed  at  the  aboral  pole  from  a  thickening  of  the  epiblast, 
but  the  full  details  of  their  formation  have  not  been  elucidated. 
It  may  he  well  to  preface  my  account  of  their  development  with 
a  short  statement  of  their  adult  structure. 

They  consult  in  the  adult  of  a  vesicle  with  a  ciliated  lining  situated  at 
the  bifuraition  of  the  two  anal  tubes,  and  of  certain  structures  connected 
with  this  vesicle.  From  the  floor  of  the  vesicle  is  susjwnded  a  mass 
of  otoliths  by  four  leaf-like  bodiee  known  as  suspenders.  The  roof  is 
vary  delicate  and  has  tlie  form  of  a  four-sided  pyramid.  Six  opeuiuga 
lead  into  the  vesicle.  Through  four  of  these,  placed  at  the  four  comers, 
there  pass  out  four  ciliated  grooves  continuous  with  the  suspenders. 
Then  grooves,  after  leaviog  the  otolithic  vesicle,  bifurcate  and  pass 
to  the  eight  rows  of  paddles.  At  the  two  sides  the  walls  of  the 
vesicle  are  continuous  with  two  thickened  ciliated  plat«8  with  swollen 
adgea,  opposite  the  centres  of  which  are  two  latonl  openings  into  the 
veaicle,  completing  the  six  ojveuings.  Through  the  lateral  openings 
the  sea  water  is  driven  by  the  action  of  the  cilia  of  the  plates. 

The  development  of  these  parts  is  as  follows — In  the  aboral 
thickening  of  epiblast  a  cavity  makes  its  appearance,  the  walls 
of  which  constitute  the  rudiment  of  the  otolithic  vesicle  (fig.  $3  B 
and  C,  S.C.).  The  roof  of  the  cavity  is  extremely  delicate.  On  each 
side  of  it  a  thickening  of  cells  becomes  established,  regarded  by 
Kowalevsky  as  the  rudiment  of  the  nervous  ganglia.  These  thicken- 
ings appear  to  give  origin  to  the  lateral  ciliated  plates.  The  otoliths 
anse  from  cells  at  four  sepaiate  points  at  the  comets  of  the  ciliated 
plates  opposite  the  rows  of  paddles  (tig.  84  A,  U.). 

In  Fleurohrachia  there  is  at  first  only  one  otolith  at  each  corner. 
The  otoliths  are  gradually  transported  towards  the  centre  of  the  vesicle 
(fig.  84  B,  ot.)  and  aro  there  attached,  though   the   four   leaf-like 
.  suspenders  do  not  arise  till  very  late. 

^  The  otoliths  go  on  increasing  in  num- 

ber throughout  life. 

The  gelatinous  tissue  of  the  Cteno- 

Ehora  appears  as  a  homogeneous  layer 
etween  the  epiblast  and  the  yolk- 
cclls,  and  is  probably  homolt^ous  with 
the  layer  formed  in  the  same  situation 
in  all  other  ccelentemtc  forms.     Into 
Tvo  RTiuEa  iH  THE  DK-     tho  layoT  a  number  of  anastomosing 
or  Pl«d«oii»*<3u  mod-     cells,  mainly  derived  from  the  epiblast, 

""n^urrri":'        'f»»?i  "rr^-s «« CK""  (f  .74) 

also  in  part  from  the  hypoblast,  make 
their  way.     These  cells  would  appear  to  be  mainly,  if  not  entirely 
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(Chun),  of  a  contractile  nature.  It  is  probable  that  the  great  mass  of 
the  gelatinous  tissue  of  the  adult  is  an  intercellular  substance  derived 
from  these  cells. 

The  whole  of  the  above  changes  are  completed  while  the  embryo 
is  still  enclosed  in  the  egg  capsule.  During  their  accomplishment 
the  oro-anal  axis,  which  was  originally  very  short,  increases  greatly 
in  length  (fig.  83),  so  that  the  embryo  acquires  an  oval  form  similar 
to  that  of  the  adult. 

The  exact  period  of  leaving  the  egg  does  not  appear  to  be  very  constant, 
but  the  hatching  never  takes  place  till  the  embryo  has  practically  acquired 
all  the  organs  of  the  adult 

In  the  majority  of  types  the  differences  between  the  just  hatched  larva 
and  the  adult  are  inconsiderable,  and  in  all  cases  the  larva  has  a  somewhat 
oval  fonn.  In  the  case  of  the  TseniatsB  (Cestum,  eta),  the  larva  has  the 
characteristic  oval  form,  and  the  subsequent  changes  amount  almost  to 
a  metamorphosis. 

The  larva  of  the  Lobatee,  such  as  Euoharis,  Bolina,  etc.,  can  hardly 
be  distinguished  from  Pleurobrachia,  and  undergoes  therefore  considerable 
changes  after  hatching. 

Eucharis  muUicomis  while  still  in  the  larval  condition  is  stated  by 
Chun  to  become  sexually  mature. 

The  new  genus  Ctenaria  recently  described  by  Haeckel,  which 
is  intermediate  between  the  Ctenophora  and  the  Medusae  clearly 
proves  that  the  Ctenophora  are  more  closely  related  to  the  MedussB 
than  to  the  Actinozoa ;  but  their  development,  especially  the  presence 
of  a  stomodspum,  shows  that  they  have  affinities  (in  spite  of  the  rudi- 
mentary velum  of  Ctenaria)  with  the  Acraspedote  as  well  as  with 
the  Craspedote  Medusae;  and  it  may  be  noted  tnat  the  Acraspeda  have 
undoubted  affinities  with  the  Actinozoa. 

Summary  and  general  consideiXLtions, 

Even  in  the  adult  condition  the  lower  forms  of  Coelenterata 
do  not  rise  in  complexity  much  beyond  a  typical  gastrula.  Ontogeny 
nevertheless  brings  clearly  to  light  the  existence  of  a  larval  form — 
the  planula — which  recurs  with  fair  constancy  amongst  all  the  groups 
except  the  Ctenophora. 

We  are  prolmbly  justified  in  assuming  that  the  planula  is  a 
repetition  of  a  free  ancestral  form  of  the  C^lenterata.  The  planula, 
as  it  most  frequently  occurs,  is  a  two-layered  ciliated  nearly  cylindrical 
organism,  with  at  most  a  rudimentary  digestive  cavity  hollowed 
out  in  the  inner  layer,  and  as  a  rule  no  mouth.  In  the  outer 
layer  are  numerous  thread-cella 

How  many  of  these  characters  did  the  ancestral  planula  possess  1 
I  think  it  is  not  unreasonable  to  assume  that  the  only  two  characters 
about  which  there  can  be  much  doubt  are  the  rudimentary  condition 
of  the  digestive  cavity  and   the  absence  of  a  mouth.     Paradoxical   as 
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it  may  seem,  it  appears  to  me  not  impoHsible  that  the  CojleDtorata  may 
have  had  an  ancestor  iii  which  a  diKestive  tract  wan  physiologically  replaced 
by  n  solid  mass  of  amteboid  cells.  This  ancestor  was  perhaps  common 
to  the  Turbellariiuis  also.  The  constant  presence  of  thread-cella  in  the 
inner  layer  of  their  epiblast  fits  in  with  their  derivation  from  a  form 
similar  to  the  ptanuln.  While  the  solid  parenchymatous  digestive  canal  of 
Convoluta  and  Scbizoproraand  other  forms  amongst  the  Turbetlarians,  though 
very  probably  secondary,  may  perhaps  be  explained  by  such  a  view  of  their 
origin." 

The  plautila  in  ita  primitive  condition  is  not  bilaterally  symmetrical, 
hut  frequently,  as  amongst  the  Actinoioa,  it  becomes  fluttened  on  two  sides 
before  undergoing  its  conversion  into  the  adult  form.  Perbaf*  the  bilateml 
form  of  pluiula  is  the  starting  point  both  for  tlie  Ccelenterala  and 
the  Turbeilaria.  In  this  coimeclion  the  p«tculiar  unilateral  development  of 
a  tentacle  in  Buyphistoma  mid  Autiuia  should  be  noted. 

Tbu  pWula  occurs  iu  the  majority  of  sessile  forms  of  Hydrozoa 
except  tlie  TubuIaxiiiiL'  and  Hydra.  It  is  also  cliaracterisUc  of  the 
Tracnymediiaie  and  Sipliouuphora.  Amongst  the  Acraspeda  it  is 
also  present,  but  has  an  exceptional  mode  of  ontogeny  which  is 
diitcitssed  in  connection  with  the  germinal  layers. 

It  is  clmracteristic  both  of  the  Oct«coralla  and  Uexacoralla, 
but  is  Dot  found  in  the  Ctvuophora. 

In  the  Tnbiilaridu-  and  iu  Hydra  an  abbreviated  development 
leads  no  doubt  to  the  absence  of  a  free  planula  stage,  and  the 
absence  of  a  larval  form  amongst  the  (Jteuophora  may,  as  has 
already  been  stated,  be  probably  explained  in  the  same  way. 

The  Cuelent«rata  of  all  the  Metazoa  are  characterized  by  the 
greatest  simplicity  in  the  arrangement  of  their  germinal  layers ; 
and  for  this  reason  very  considerable  interest  attaches  to  the  mode 
of  formation  of  the  layers  amongst  them.  Two  gi^rminal  layers  . 
are  constantly  found,  which  correspond  in  a  ffeiieral  way  to  the 
epiblast  and  hypoblast,  It  might  have  *  been  anticipated  that  a 
certain  amount  of  uniformity  would  have  existed  in  the  mode  of 
fonnation  of  tlie  layers.  This  however  ts  not  the  case.  In  perhaps 
the  majority  of  forms  they  become  differentiated  by  a  process  of 
delaroination,  but  in  a  not  inconsiderable  minority  the  two  layers 
owe  their  origin  to  an  invagination. 

De Ian ki nation  is  constaut  (with  the  doubtful  exception  of  some 
Tubularida--)  amongst  the  Hydromedusfe  and  SiphouopLora.  It  is 
perhaps  in  the  main  oharact^'ristic  of  the  Actinozoa. 

Invaginatiou  by  embole  takes  place,  so  far  as  is  known,  constantly 
amongst  the  Acraspeda  and  frequently  amongst  the  Aetiuuzoa; 
anil  HU  epibiilic  invagination  is  characteristic  of  the  Ctenophora. 

If  confidence  is  to  be  placed  in  the  recorded  observations  on 
which  this  summary  is  founded,  and  there  is  no  reason  why  in  a 
general  way  it  should  not  be  so  placed,  the  conclusion  is  inevitable 
Uiat  of  the  above  modes  of  development  the  one  must  be  primitive 
ami  the  other  a  derivative  from  it,  fi>r,  if  this  conclusion  be  not 
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accepted,  the  absolutely  inadmissible  hjrpothesis  of  a  double  origin 
for  the  Coelenterata  would  have  to  be  adopted. 

Two  questions  arise  from  these  considerations : — 

(1)  Which  is  the  primitive,  delamination  or  invagination  ? 

(2)  How  is  the  one  of  these  to  be  derived  from  the  other  ? 
There  is  a  great  deal  to  be  said  in  favour  of  both  these  views ; 

but  it  will  be  convenient  to  defer  all  discussion  of  the  question 
to  the  general  chapter  on  the  formation  of  the  layers  throughout 
the  animal  kingdom. 

The  hypoblast  cells  are  often  filled  with  yolk  material,  and 
secondary  modifications  are  thus  produced  in  the  development  The 
most  important  examples  of  such  modifications  are  found  in  the 
Siphonophora  and  Ctenophora. 

In  the  simplest  forms  amongst  the  Hydrozoa  there  is  no  trace 
of  a  third  layer  or  mesoblast  The  epiblast  is  typically  formed, 
as  was  first  shewn  by  Kleinenberg,  of  an  epithelial  layer  and  a 
subepithelial  interstitial  layer  of  cells.  The  cells  di  the  former  are 
frequently  produced  into  muscular  or  nervous  tails,  and  those  of 
the  latter  give  rise  to  the  thread-cells  and  generative  organs  and 
in  some  cases  to  muscles*.  In  many  cases,  amongst  all  the  Ccelenterate 
groups,  and  constantly  amongst  the  Ctenophora  the  epiblast  is  simpli- 
fied and  reduced  to  a  single  layer.  The  hypoblast  undergoes  in  most 
cases  no  such  differentiation  but  simply  forms  a  glandular  layer  lining 
the  gastric  chamber  and  its  prolongations  into  the  tentacles ;  but  in 
the  Actinozoa  it  appears  to  give  rise  to  muscles,  and  strong  evidence 
has  been  brought  forward  to  shew  that  in  some  groups  it  gives  rise 
to  the  generative  organs. 

Between  the  epiblast  and  hypoblast  a  structureless  lamella  appears 
always  to  be  interposed. 

In  many  Coelenterata  further  differentiations  of  the  epiblast  are 
present.  In  mfiny  forms  the  layer  gives  rise  to  a  hard  external 
skeleton.  This  is  most  widely  spread  amongst  the  Hydrozoa,  where 
in  the  majority  of  cases  it  takes  the  form  of  the  homy  perisarc, 
and  in  the  Hydrocoralla  (Millepora  and  Stylasteridae)  of  a  hard 
calcareous  skeleton.  The  skeleton  in  these  forms,  though  closely 
resembling  the  mesoblastic  skeleton  of  the  Actinozoa,  has  been  shewn 
by  Moseley  (164)  to  be  epiblastic. 

In  the  Actinozoa  an  epiblastic  skeleton  is  exceptional,  and 
according  to  most  authorities  absent.  Quite  recently  however  Koch 
(167)  has  found  that  the  axial  branched  skeleton  of  most  of  the  Gorgo- 
nidaD,  viz.  the  GorgoninaB  and  IsidinaB,  is  separated  from  the  coenosarc 
by  an  epithelium,  which  he  believes  to  be  epiblastic,  and  to  which 
no  doubt  the  axial  skeleton  owes  its  origin.  A  similar  epithelium 
surrounds  the  axis  of  the  Pennatulidae. 

In  the  Medusae  the  epiblast  also  gives  rise  to  a  central  nervous 

1  The  questions  relating  to  the  generative  oigans  of  the  Coelenterata  are  dealt  Fith 
in  the  second  part  of  this  work. 
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system,  which  however  continues  to  form  a  constituent  part  of  the 
layer,  and  to  the  organs  of  special  sense  ^ 

A  special  differentiation  of  the  hypoblast  is  found  in  the  solid 
axis  of  the  tentacles.  This  axis  replaces  the  gastric  prolongation  found 
in  many  forms,  and  the  cells  composing  it  differentiate  themselves 
into  a  chorda-like  tissue,  which  has  a  skeletal  function,  and  is 
no  longer  connected  with  nutrition.  This  axis  is  placed  by  many 
moiphologists  amongst  the  mesoblastic  structures. 

In  all  the  hifi;her  Ccelenterata  certain  tissues  become  interposed 
between  the  epibiast  and  hypoblast,  which  may  be  classified  together 
as  the  mesoblast. 

The  most  important  of  these  are 

(1)  The  vanous  distinct  muscular  layers. 

(2)  The  gelatinous  tissue  of  the  Medusse  and  Ctenophora. 

(3)  The  skeletogenous  tissue  of  the  Actinozoa. 
In  most  cases  the  muscular  fibres  are  connected  with  epithelial 

cells,  but  in  certain  forms  amongst  the  Medusae  and  in  the  majority 
if  not  aU  the  Actinozoa  they  constitute  a  distinct  layer,  sometimes 
separated  from  the  epibiast  by  a  structureless  membrane,  ^quorea 
Mitrocoma.  Such  layers  when  on  the  outer  side  of  the  membrane 
separating  epibiast  and  hypoblast  are  undoubtedly  epiblastic  in 
ongin,  but  in  some  cases  amongst  the  Actinozoa  they  adjoin  the 
hypoblast,  and  are  very  probably  derived  from  this  layer. 

The  origin  of  the  gelatinous  tissue  is  still  involved  in  much 
obscurity. 

It  originates  as  a  homogeneous  layer  between  epibiast  and  hypo- 
blast, which  in  the  Hydromedusea  never  becomes  cellular  though 
traversed  by  elastic  fibres. 

In  the  Acraspeda  it  contains  anastomosing  cells  in  the  main 
apparentlv  (Claus)  derived  from  the  hypoblast,  and  in  the  Ctenophora 
it  IS  richly  supplied  with  muscular  stellate  cells  for  the  most  part 
of  epiblastic  origin,  though  some  are  stated  by  Chun  to  come  from 
the  nypoblast  On  the  whole  it  seems  probable,  that  the  gelatinous 
tissue  may  be  regarded  as  a  product  of  both  layers;  and  there  are 
some  grounds  for  thinking  that  it  is  an  immense  development 
of  the  membrane  always  interposed  between  the  two  primary  layers. 
It  must  however  be  borne  in  mind  that  a  membrane,  regarded  by 
the  Hertwigs  as  the  equivalent  of  the  ordinary  membrane  between 
the  epibiast  and  hypoblasl,  can  be  usually  demonstrated  on  both 
surfaces  of  the  gelatinous  tissues  in  Medusse.  The  skeletogenous 
layer  of  the  Actinozoa  is  probably  the  morphological  homologue 
of  the  gelatinous  tissue ;  but  the  evidence  we  have  is  on  the  whole 
in  favour  of  the  connective-tissue  cells  it  contains  being  epiblastic 
in  origin.  It  gives  rise  to  the  skeleton  of  the  Hexacoralla,  to  the 
spicular  skeleton  of  Alcyonium,  the  axial  skeleton  of  Corallium,  and 
the  skeleton  of  the  Helioporidse  and  Tubiporidse. 

'  The  differentiation  of  the  nerront  and  museolar  BjtiemB  in  the  Ejdrozoa  it 
ftraatad  of  in  the  second  part  of  this  work. 
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Alternations  of  generations. 

Alternation  of  generations  is  of  common  occurrence  amongst  the 
Hydrozoa,  and  something  analogous  to  it  has  been  found  to  take 
place  in  Fungia  amongst  the  Actinozoa.  It  is  not  known  to  occur  in 
the  Ctenophora. 

The  chief  interest  of  its  occurrence  amongst  the  HydromedussB 
and  Siphonophora  is  the  fact  that  its  origin  can  be  traced  to  a 
division  of  labour  in  the  colonial  systems  of  zooids  so  characteristic 
of  these  types. 

In  the  Hydromedusea  an  interesting  series  of  relations  between 
alternation  of  generations  and  the  division  of  the  zooids  into 
gonophores  and  trophosomes  can  be  made  out  In  Hydra  the 
generative  and  nutritive  functions  are  united  in  the  same  individual. 
The  generative  swellings  in  these  forms  cannot,  as  has  been  ably 
argued  by  Kleinenberg,  be  regarded  as  rudimentary  gonophores, 
but  are  to  be  compared  to  the  generative  bands  developed  in  the 
Medusae  around  parts  of  the  gastro-vascular  system.  A  condition 
like  that  of  Hydra,  in  which  the  ovum  directly  gives  rise  to  a  form 
like  its  parent,  is  no  doubt  the  primitive  one,  though  it  is  not  so 
certain  that  Hydra  itself  is  a  primitive  form.  The  relation  of  Hydra 
to  the  Tubularidse  and  CampanularidsB  may  best  be  conceived  bv 
supposing  that  in  Hydra  most  ordinary  buds  did  not  become  detached, 
so  that  a  compound  Hydm  became  formed;  but  that  at  certain 
periods  particular  buds  retained  their  primitive  capacity  of  becoming 
detached  and  subsequently  developed  generative  organs,  while  the 
ordinary  buds  lost  their  generative  function. 

It  would  obviously  be  advantageous  for  the  species  that  the 
detached  buds  with  generative  organs  should  be  locomotive,  so  as  to 
distribute  the  species  as  widely  as  possible,  and  such  buds  in  connection 
with  their  free  existence  would  naturally  acquire  a  higher  organi- 
zation than  the  attached  trophosomes.  It  is  easy  to  see  how,  by  a 
series  of  steps  such  as  I  have  sketched  out,  a  division  of  labour  might 
take  place,  and  it  is  obvious  that  the  embryos  produced  by  the 
highly  organized  gonophores  would  give  rise  to  a  fixed  form  from 
which  the  fixed  colony  would  be  budded.  Thus  an  alternation 
of  generations  would  be  established  as  a  necessary  sequel  to  such 
a  division  of  labour.  To  test  the  above  explanation  it  is  necessary 
to  review  the  main  facts  with  reference  to  alternations  of  generations 
amongst  the  HydromedussB. 

HvdrolIleda88D^  In  many  instances  amongst  the  Tubularidse, 
SertufaridaB  and  Campanularidse  medusiform  buds  are  produced 
which  become  detached  and  develop  sexual  organs. 

Such  Medusae  are  divided  into  two  great  groups,  the  Ocellata  and 
Vesiculata,  according  to  the  characters   of  the  marginal  sense  organs. 

>  For  a  full  aeoonni  of  this  Bnbjeot  the  reader  is  referred  to  the  beautiful  memoir 
of  Allman  (No.  149). 
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In  the  Oovllata  the  sense  orgaiu  liavci  tliu  funii  of  ej-es,  uiitl  in  the 
YeeiouUta  of  auditory  vesiclea.  The  latter  Beem  to  be  iiauallj  budded 
off  from  the  Cumpatiularia  stocks,  nud  the  geiierati^-e  orgauH  extend  in 
folded  banda  over  the  nuiial  cauhIs.  These  bauds  have  bceu  regarded  by 
Alliiian  as  comi>osed  of  rudimeutary  goiiDphorei<,  aod  he  called  the  Medusn 
which  give  rise  to  them  blastochemes.  He  regards  thom  as  repra- 
Benting  n  uioi-e  complicated  tyjte  of  alternation  of  genenxtiona  with  three 
instead  of  two  generations  in  the  series.  The  Hertwigs  hare  brought 
what  Appear  to  mo  cottcliiaive  grounds  for  rejecting  this  view,  and  have 
demonHlratetl  that  the  generative  organs  of  these  tyjies  reacuible  those 
of  ordinary  Medusot. 

In  many  fonna  the  niedusiform  buda  though  fully  developed 
do  not  become  detached  ;  whether  detached  or  not  they  are  known  as 
phanerocodonic  gonophores.  In  other  forms  again  buds  which 
begin  aa  if  they  were  going  to  form  Uedusie  never  reach  that  condition 
but  remain  permanently  in  an  undeveloped  state.  They  have  been 
called  by  Allman  adelocodonic  gonophores. 

In  all  the  above  cases  two  generations  at  the  least  interpose 
between  the  successive  sexual  periods,  viz. : — 

(1)  A  trophosome  produced  directly  from  the  ovum. 

(2)  A  gonophore  budded  from  this. 

In  a  very  lai^e  number  of  types  the  gonophores  do  not  develop 
directly  on  the  hydroid  stem,  but  arise  on  specially  modified  zooids 
resembling  rudimentary  trophoBomes  which  have  been  named 
blaatostylea  by  Allman.  On  the  sides  of  each  blastostyle  a 
series  of  gonophores  usually  becomes  developed.  The  blostostyles 
either  remain  exposed  as  in  all  the  Gymnoblastic  or  Tubularian 
Hydroida,  or  as  in  all  the  Calyptoblastic  Hydwids  (Sertidaridte  and 
Campanula ri<lse)  they  become  invested  by  a  special  case — known 
as  the  gunangium — which  is  formed  of  perisarc  lined  by  epiblasL 
In  the  forms  with  blastostyles  three  generations  interpose  between 
the  successive  stages  of  sexual  reproduction,  (1)  the  trophosome 
developed  directly  from  the  ovum  (2)  the  blastostyle  budded  from 
this,  (3]  the  goni>phore  budded  from  the  blastostyle. 

Such  being  the  main  factn,  in  order  to  prove  that  the  existing  condition 
of  poljmorpliism  amongst  the  Hydromeduse  is  to  be  explained  as  h;po- 
thetically  suggested  above,  it  is  still  neceRsary  to  shew  that  (1)  the  free 
niedusiform  gouophore«  are  really  only  modified  trophoBomes,  or  rather  that 
the  tropboeomes  and  gonophores  are  both  modifications  of  some  common 
type,  and  (2)  that  the  fixed  so-called  adelocodonic  gonophoreo  are  retrogmdo 
derivatives  of  the  free  medusifonn  gouuphores.  Unless  these  points  can  be 
established  it  might  tie  maintained  tliat  the  Meduste  were  special  iiooida, 
developed  lU  novo  and  not  by  a  iiitMliGcation  of  trophosome  zooids.  To 
demonstrate  these  propositions  at  l<iiigth  would  carry  me  too  for  into 
the  region  of  simple  Comparative  Anatomy,  and  I  content  myself  with 
referring  the  reader  to  a  disciisoion  of  the  Hertwigs  (No.  146,  p.  62)  where 
the  first  point  appears  to  nie  fully  eBlabliehed.  With  reference  to 
the  second  point  I  will  only  say    that    the  structure   and    development 
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of  the  adelooodoDic  gonopbores  can  only  be  explained  on  the  assump- 
tion that  they  are  retrograde  forms  of  the  phanerocodonic  gonopbores, 
and  that  the  opposite  view,  that  the  phanerocodonic  gonopbores  are 
derived  from  the  adelooodonic,  leads  to  a  series  of  untenable  positions 

The  Trachy medusae,  as  has  been  shewn  above,  develop  directly.  They 
are  probably  derived  from  gonopbores  in  which  the  trophosome  has 
disappeared  from  the  developmental  cycle. 

To  sum  up,  three  types  of  development  are  found  amongst 
the  HydromedusfiB. 

(1)  No  alternations  of  generations.  Permanent  form,  a  sexual 
trophosome.     Ex,  Hydra. 

(2)  Alternations  of  generations.  Trophosome  fixed,  gonophore 
free  or  attached.  Ex.  Gymnoblastic  and  Calyptoblastic  Hydroids, 
and  Hydrocoralla. 

(3)  No  alternations  of  generations.  Permanent  form,  a  sexual 
Medusa.     Ex,  Trachymedusae. 

Siphonophora.  In  the  Siphonophora  alternations  of  generations 
take  place  m  the  same  way  as  in  the  Hydromedusse,  but  the  starting 
point  appears  to  be  a  Medusa.  The  gonopbores  may  remain  fixed  or 
become  detached. 

Acraspeda.  With  the  single  exception  of  Pelagia,  in  which  the 
development  involves  a  simple  metamorphosis,  all  the  Acraspeda 
undergo    a   form   of   alternations  of 

Fenerations.  The  ovum,  as  alreatly 
escribed,  develops  into  a  fixed  form 
— the  Scyphistoma — which  increases 
asexually  by  normal  budding,  and  can 
even  form  a  permanent  colony. 

The  formation  of  the  sexual  Me- 
dusa form  takes  place  by  a  kind  of 
strobilization  of  the  body  of  the  fixed 
Scyphistoma.  A  series  of  transverse 
constrictions  becomes  fonued  round 
the  body  below  the  mouth,  dividing 
it  up  into  corresponding  rings,  each 
of  which  eventually  gives  rise  to  a 
Medusa  known  as  an  Ephyra  (fig. 
85).  In  each  of  these  rings  is  a  dila- 
tion of  the  stomach,  and  a  section  of 
each  of  the  four  rudimentary  mesen- 
teries described  in  connection  with  the 
development  of  the  Scyphistoma.  As 
the  constrictions  become  deeper  the  segments  of  the  body  between 
them  become  disc-like,  and  their  edges  are  produced  into  eight  lobes 
containing  prolongations  of  the  gastric  cavity  (fig.  85  C).  The  lower 
surface  of  each  disc,  which  forms  the  future  aboral  surface  of  the 
Medusa,  becomes  convex,  in  part  owing  to  the  development  of 
gelatinous  tissue.     On  the  opposite  surface  a  muscular  layer  becomes 
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ALTERNATIONS   OF  GENERATIONS  OF  AU- 

BELiA  AURiTA.     (From  Gegenbaur.) 

A.  Polype  stage. 

B.  Commencing  strobilization. 

C.  Completed  strobilization. 
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developed.  During  the  above  process  the  body  of  the  Scyphistoma 
gradually  grows  in  length  and  continues  to  be  segmented,  so  that 
a  series  of  Ephyrse  are  uninterruptedly  formed,  of  which  those  near 
the  base  are  the  youngest  The  original  terminal  ring  of  tentacles 
of  the  Scyphistoma  gradually  atrophies. 

In  the  further  development  of  the  Ephyrse  each  of  their  eight 
lobes  becomes  bifid  at  its  extremity. 

As  the  Ephyne  successively  reach  this  condition  they  become 
detached,  and  by  a  series  of  remarkable  changes,  amounting  almost 
to  a  metamornhosis,  and  accompanied  by  an  enormous  growth  in  size, 
reach  the  adult  condition. 

The  alternation  of  generations  in  the  Acraspeda  cannot  be  quite 
80  simply  explained  as  in  the  Hydromedusas,  though  the  principle 
is  probably  the  same  in  the  two  cases. 

ActinOEOa.  Amongst  the  Actinozoa  there  occurs  in  Fungia  a 
peculiar  process  which  is,  as  shewn  by  Semper  (171),  in  many  ways 
analogous  to  alternations  of  generations\  From  the  larva  a  nurse- 
stock  is  developed,  at  the  end  of  which  a  cup-like  coral  resembling 
the  adult  is  formed  as  a  bud.  The  bud  becomes  detached  and 
then  gives  rise  to  a  permanent  sexual  Fungia.  From  the  nurse- 
stock  there  is  formed  however  a  fresh  bud  at  the  centre  of  the 
scar  left  on  the  detachment  of  the  old  one.  The  fresh  bud  even- 
tually becomes  separated  from  the  nurse-stock  leaving  a  small  portion 
of  its  stem  behind;  each  succeeding  bud  similarly  loaves  a  small 
portion  of  its  stem,  so  that  the  nurse-stock  eventually  acquires  a  jointed 
appearance.  In  the  above  process  we  clearly  have,  as  in  the  Hydro- 
medusaB,  a  non-sexual  form — the  nurse-stock — produced  directly  from 
the  larva,  giving  rise  by  budding  to  a  sexual  form;  all  the  conditions  of 
an  alternation  of  generations  are  therefore  fulfilled.  It  seems  however 
possible  that  the  nurse-stock  itself  may  eventually  become  sexual 

BiBLIOORAPHT. 

Ckelenterata,    General. 

(145)  Alex.  Agassis.  Illmirattd  Catalogue  of  the  Museum  of  Comparative  Anatomy 
at  Harvard  College,  No.  11.  American  Aoalepha.    Cambridge,  U.  S.,  1865. 

(146)  O.  and  R.  Hertwig.  Der  Organiimus  d.  Medwa  u,  seine  Stellung  x.  Keim- 
bldttertheorie.    Jena,  1878. 

(147)  A.  Ko wale V sky.  **  Untersnohongen  lib.  d.  Entwicklong  d.  Ccelontcraten.'* 
Naehriehten  d.  kaiser.  OeselL  d,  Freunde  d.  Naturerkenntniss  d.  Anthropologie  u.  Ethno- 
graphie,  Monkan,  187S.  (Russian).  For  abstract  ride  Jahresberiehte  d,  Anat,  u.  Phys. 
(Hoffman  a.  Schwalbe),  1873. 

Hydrozoa. 

(148)  L.  Agassis.  Contributions  to  the  Natural  History  of  the  UniUd  StaUs  of 
America.     BoHton,  1802.  VoL  it. 

(149)  Q.  J.  All  man.  A  Monograph  of  the  Oymnoblastie  or  Tulmlarian  Hydroids, 
Bmj  Society.  1871-2. 

1  Vide  also  Mosel^.    Notes  by  a  Naturalist  of  the  ChaUenger,  p.  524  and  525. 


CaSLENTERATA.  155 

(150)  O.  J.  All  man.  "On  the  straeiare  and  deTelopment  of  ll(yriothda."  Phil, 
TroM.f  Vol.  CLXv.  p.  2. 

(iKi)  P.  J.  van  Beneden.  **  M6nL  sor  lea  Campannlaires  de  la  Cdte  d'Ostende 
eonsia6rte  boob  le  rapport  physiologiqae,  embryog^qae,  et  zoologiqae."  Noun,  Mim, 
de  VAead.  de  Brux.,  Tom.  xtii.  1844. 

(159)  P.  J.  van  Beneden.  **  Beoherohee  ear  I'Embryog^nie  dee  Tubnlaires  et 
lliistoire  natnrelle  des  diff^rents  genres  de  oette  famille  qui  habitent  la  C6te  d'Ostende." 
Nouv.  M€m.  de  VAcad.  de  Brux,,  Tom.  xvil  1844. 

(153)  ^*  ClauB.  "Polypen  u.  Qnallen  d.  Adria."  Denk,  d.  math.-naturwUi, 
Clone  d.k.  k.  Akad,  d.  Wist.  Wien,  Vol.  xxxvin.  1877. 

(154)  J.  G.  DalyelL    Rare  and  Remarhable  Animals  of  Scotland.    London,  1847. 

(155)  H.  Fol.  "Die  erste  Entwioklong  d.  Geryonideneies."  Jenaisehe  Zeitsckriftf 
Vol.  Tii.  1878. 

(156)  Carl  Gegenbanr.  Zur  Lehre  vom  Oenerationsweehsel  und  der  Fortpflanxung 
M  Medusen  und  Polypen.     Wiirzbarg,  1854. 

(157)  Thomas  Uinoks.  '*0n  the  development  of  the  Hydroid  Polypes,  GlaTa- 
tella  and  Staoridia ;  with  remarks  on  the  relation  between  the  Polype  and  the  Medn- 
sold,  and  between  tiie  Polype  and  the  Medusa."    Brit.  Assoc,  Rep.^  1861. 

(158)  E.  Haeckel.    Zur  Entwicklungsgeschichte  d.  Siphonophoren.    Utreoht»  1889. 

(159)  Th.  H.  Haxley.    Oceanic  Hydrozoa.    Kay  Sooiety,  1858. 

(160)  Geo.  Johnston.  A  History  of  British  Zoophytes.  Edin.  1888.  2ndEdition, 
1847. 

(161)  N.  Kleinenberg.  Hydra,  eine  anatomisch-entwicklungsgeschichtliehe  Un- 
tersuchung.    Leipzig,  1872. 

(163)  El.  Metsohnikoff.  " Ueber  die Entwioklong einiger  Coelenteraten.*'  BulU 
de  VAcad.  de  St  P€tersbourg,  xv.  1870. 

(163)  El.  Metsohnikoft  "Stndien  iiber  Entwioklongsgesohiohte  d.  Medosen 
n.  Siphonophoren.    Zeit.  f.  wiss.  ZooL,  Bd.  xxrv.  1874. 

(164^    H.  N.  Moseley.    **  On  the  stmctnre  of  the  Stylasteridie.''    Phil.  Trans,  1878. 

(165)  F.  E.  Schnlze.  Ueber  den  £au  und  die  Entwieklung  von  Cordylopkora 
lacustris,    Leipzig,  1871. 

Actinozoa. 

(166)  Al.  Agassiz.  **  Arachnitis  (Edwarsia)  braohiolata."  Proe,  Boston  Nat.  Hist, 
Society,  1860. 

(167)  Koch.     "Das  Skelet  d.  Alcyonarien."    Morpholog.  Jahrhuch,  Bd.  it.  1878. 

(168)  A.  KowalcTsky.  "Z.  Entwicklong  d.  Alcyoniden,  Sympodiam  ooralloidea 
nnd  Clavnlaria  crassa.**    Zoologischer  Anaeiger,  Mo.  38,  1879. 

(169)    H.  Lacaze  Dnthiers.     Histoire  nat.  du  CoraiL    Paris,  1864. 
170)    H.  Lacaze  Dnthiers.      **  D^veloppement  des  Coralliaires."    Archives  de 
Zoologie  expirimentale  et  g€nirale.  Vol.  1. 1872  and  Vol.  11.  1878. 

(171)  C.  Semper.  "Ueber  (Oenerationsweehsel  bei  Steinkorallen etc.**  Zeit,  /• 
wiu.  Z00I.9  Bd.  xxu.  1872. 

Ctenophora. 

(171)  Alex.  Agassiz.  "Embryology  of  the  Ctenophora.*'  Mem.  of  the  Amer, 
Acad,  of  Arts  and  Sciences^  Vol.  x.  No.  111.    1874. 

(173)  G.  J.  All  man.  "Contributions  to  oiur  knowledge  of  the  structure  and  de- 
velopment of  the  Beroids.*'    Proc.  Roy.  Soc.  Edinburgh,  Vol.  t7.  1862. 

(174)  C.  Chun.  Das  Nervensystem  u.  die  Musculatur  d.  Bippenquallon.'*  Abhand, 
d.  Senkenberg.  Oesellsch.,  B.  xi.  1879. 

(175)  C.  Clans.  **  Bemerkungen  u.  Ctenophoren  n.  Medusen."  Zeit.  f,  wiss, 
Zool.,  xiY.  1864. 

(176)  H.  Fol.     Ein  Beitrag  z.  Anat.  u.  Entwickl.  einiger  Rippenquallen.  1869. 

(177)  C.  Gegenbanr.  "Studien  ii.  Organis.  u.  System  d.  Ctenophoren."  Arehiv 
f.  Naturgesch.,  xxii.  1856. 

(178)  A.  Kowalevsky.  "Entwicklungsgeschichte d.  Bippenquallen."  Mim.  Acad, 
St  Pitersbourg,  vn.  s^rie,  Tom.  x.  No.  4.  1866. 

(179)  J.Price.     "  Embiyology  of  Ciliogrades."    Proceed,  of  British  A  ssoe. ,  1846. 

(180)  C.  Semper.  "Entwieklung  d.  Euoharis  multicomis."  Zeit,  f.wiss.  Zool., 
Vol  IX.  1858. 


CHAPTER  VII. 


PLATYELMINTHES" 


TURBELLARIA. 

Although  there  is  perhaps  no  group  in  the  animal  kingdom  the 
ontogeny  of  which  would  better  repay  a  thorough  investigation  than 
the  Turbellaiians,  yet  the  difficulties  to  be  overcome  have  hitherto 
proved  Ux)  great. 

The  fresh-water  Rhabdocoela  and  Dendrocoela  do  not  undergo  any 
metamoqihosis,  and  leave  the  ovum  in  a  condition  in  which  they 
cannot  easily  bo  distinguished  in  their  general  appearance  from 
Infusoria.  Many  marine  Dendroccela  also  develop  directly,  while, 
as  was  first  shewn  by  Joh.  MuUer,  other  marine  Dendroccela  undergo 
a  more  or  less  complicated  metamorphosis. 

Marine  BendrocOBla.  Of  the  marine  Dendroccela  which  do  not 
undergo  a  metamorphosis  the  form  most  fully  worke<l  out  is  Lep- 
toplana  tremellaris — (vide  Keferstcin,  No.  187,  and  Hallez,  No.  185). 

The  ova  are  surrounded  by  large  albuminous  capsules  secreted 
by  a  8j)ccial  gland.  They  are  laid  a  great  number  at  a  time,  and 
adhere  together  so  as  to  form  masses  not  unlike  the  spawn  of  nudi- 
branchiate  Molluscs. 

Within  the  egg-capsule  the  ovum  floats  freely  and  imdergoes  a 
segmentation  similar  in  many  respects  to  the  characteristic  molluscan 
type.  The  ovum  divides  into  two,  and  then  into  four  parts,  from  each 
of  which   a  small   segment  is  then  separated  off.     The  four  small 

^  I.   Torbellaria. 

1.  Dcudroooola. 

2.  Khabdooopla. 

II.  Nemertea. 

1.  Anopla. 

2.  Eno])la. 

III.  Trematoda. 

1.  Difltomeo*. 

2.  PolyBtomeo*. 

IV.  Cestoda. 
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aegments,  wbich  appear  to  give  rise  to  tie  epiblast,  increase  iu  number 
by  division  and  gradually  envelop  the  large  Bogtncuts';  so  that  an 
epibolic  invagination  clearly  takes  place.  Between  the  small  and  the 
large  celts  is  a  small  segmentation  cavity,  fig.  8ti  A  and  B.  At  the  time 
^  when  twelve  epiblast  cells  are  present,  each  of  the  four  large  cells 
'  divides  into  two  unequal  parts  (Hallez),  fig,  86  A.  In  this  way  four 
large  (hy)  and  four  small  cells  [m)  are  formed.  The  latter  are  placed 
at  the  opposite  pole  of  the  ovum  to  the  epiblast  cells,  and  give  rise 
to  the  mesoblaat,  while  the  four  large  cells  remain  as  the  hypoblast. 
In  the  coui'se  of  the  enclosure  of  the  hypoblast  cells  by  the  epiblast. 


Fio,  86.     Sectioss  thuouoh  thb  ovum  oc  LErropi  ...  _. 

or  iiETELorUENT.  (Mter  HaUez.) 
ep.  epiblaitt;  m.  mesobloBt;  hij.  ;olk  cellH  (hypoblast);  bl.  blustopore. 
the  mesoblast  cells  gradually  travel  towards  the  formative  pole  (fig. 
86  B).  In  the  process  they  become  first  of  all  divided  so  as  to  form 
four  linear  streaks,  and  finally  unite  into  a  continuous  layer  between 
the  epiblast  and  hypoblast,  which  obliterates  the  segmentation  cavity 
{fig.  86  C,  »")■ 

Before  the  completion  of  the  epibole  a  closely  packed  layer  of 
fine  cilia  appears,  which  causes  a  rotation  of  the  embryo  within  the 
egg-capsule.  During  the  above  chauges  a  fifth  hypoblast  cell  is 
formed  by  the  division  of  one  of  those  already  present ;  and  at  a 
later  period  four  of  the  hypoblast  cells  give  rise  within  the  nearly 
closed  blastoporic  area  to  four  small  cells.  In  connection  with  theso 
cells  a  complete  hypoblaatic  wall  becomes  subsequently  established, 
which  encloses  the  original  large  hypoblast  cells.  The  latter  then 
become  resolved  into  a  vitelline  mass. 

From  a  coniparison  with  other  types  it  may  be  regarded  as  pro- 
bable that  the  enteric  wall  originates  by  a  process  of  continuous 
budding  off  of  small  cells  from  the  large  cells,  which  commences 
with  the  formation  of  the  four  cells  above  mentioned. 

The  blastopore  becomes  nearly  obliterated,  but  whether  it  gives 
rise  to  the  mouth,  which  is  formed  in  the  same  place,  has  not  been 
determined.  In  front  of  the  mouth  a  sinaU  and  very  transitory 
rudiment  of  an  upper  lip  makes  its  appearance.  The  protrusible 
pbarynK  is  stated  by  Hallez  to  arise  as  an  hypoblastic  bud,  while  its 
sheath  has  an  epiblastic  origin.  Two  pairs  of  eyes  and  the  supra- 
iophageal  ganglia  also  become  early  developed. 
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The  peripheral  ciliated  layer  of  small  cells  becomes  divided  into 
two  strata,  of  which  the  outer  remains  ciliated  and  forms  the  true  epi- 
blast:  the  inner  probably  forms  the  cutis.  In  it  are  developed  rod-lilte 
bodies,  which  seem  to  be  homologous  with  the  thread  cells  of  the 
Ci»]enterata,aothat  if  the  views  put  forwani  in  the  previous  chapter  as 
to  the  similarity  of  the  turbellarian  and  coalenterate  larvus  are  correct, 
the  cutis  c^rrespimda  with  the  deeper  layer  of  the  c<elenterate  epiblast. 
The  mesoblast,  like  the  epiblast,  becomes  divided  into  two  strata. 
The  outer  one  is  stated  to  form  the  circular  and  longitudinal  muscles ; 
the  iuuer  one  to  give  rise  to  a  muscular  reticulum,  the  spaces 
within  which  constitute  the  parenchymatous  body  cavity. 

The  later  changes  are  aot  of  great  importance.  At  a  period  slightly 
after  the  formation  of  the  mouth  and  ganglia  two  jiaira  of  stiff  hairs  become 
formed  at  the  sides  of  the  body.  The  embryo  has  by  tliis  time  grown 
so  aa  to  fill  up  its  capsule,  in  which  however  it  continues  rapidly  to 
rotate,  and  also  commences  to  exhibit  active  contractions.  It  next 
becomes  hutched,  nnd  jiasses  from  a  H))herical  to  a  flattened  elongated 
form.  The  ventral  oral  opening  is  at  fiivt  central,  but  soon,  liy  a  process  of 
unequal  growth,  liocomes  carried  towards  the  posterior  end  of  the  body, 
llie  pairs  of  0110"  hstrs  in  the  meantime  considerably  uicrease  in  numbw. 
The  remains  of  the  yolk  cells  now  disappear,  and  the  enteric  walls  become 
more  distinct  Tlie  alimentary  canal,  which  is  at  Urst  simple  in  outline 
like  that  of  a  rhabdocceloua  Turbellarian,  soon  assumes  a  dendritic  form. 
The  young  animal  after  these  changes  rescrobtes  its  jmrent,  except  in  the 
possession  of  only  two  purs  of  eyes  an<l  in  the  absence  of  generative  organs. 
Of  the  types  with  a  complete  metamorphosis  the  free  larvte  of 
various  species  of  Thysauozoou  have  been  observed  by  Joh.  Miiller 
(190)  and  Moseley  (189),  and  the  com- 
plete development  of  Kurylepta  auri- 
culatn  has  been  studied  by  HEillez. 

The  stages  within  the  egg  of  this 
latter  type  agree  precisely  with  those 
already  described  in  Leptoplana.  After 
the  formation  of  the  mouth  the  body 
elongates,  remaining  however  cylin- 
drical. A  fold  forms  on  the  anterior 
Kide  of  the  mouth,  giving  rise  to  a 
large  upper  lip.  Two  posterior  pro- 
cesses are  next  formed,  and  other 
processes  soon  arise,  constituting  the 
whole  of  those  found  in  the  free  larva. 
The  embryo  next  shakes  off  its  egg 
membranes  by  a  series  of  vigorous  con- 
tractions, ^heu  free  it  has  the  fonn 
represented  in  the  annexed  figure  (Gg. 
87 1. 

It  is  80  similar  to  Miiller's  (fig.  88)  and  Moseley's  larvie  that  all 
three  may  be  dealt  with  togother. 
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The  body  is  somewhat  oval,  and  slightly  pointed  behind.  At  the 
anterior  end  are  placed  the  eyes,  two  in  the  youngest  larva  of  Muller, 
and  twelve  in  the  older  larva  (fig.  88),  and  in  the  middle  of  the 
ventral  surface  is  the  mouth.  It  is  surrounded  by  a  strong  fold,  and 
leads  into  an  alimentary  canal,  which  is  at  first  simple,  but  in  the 
older  larvae  is  much  branched.  A  bilobed  ganglion  connected  with 
two  nerve  cords  is  placed  anteriorly.  The  superficial  epithelium  is 
ciliated,  and  below  it  is  a  layer  of  cells  (cutis)  derived  from  the 
primitive  epiblast,  in  which  are  formed  the  usual  rods  (Hallez). 
The  chief  peculiarity  of  the  larva  consists  in  the  presence  of  elongated 

Csesses  covered  with  long  cilia,  and  so  connected  together  by  a  ciliated 
d  that  the  whole  together  forms,  in  Mttller  s  larva  at  any  rate, 
a  lohed  prasoral  cUicUed  band  (fig.  88).  This  band  is  not  quite  so  clear 
in  Hallez'  figures.  Muller's  youngest  larva  was  provided  with  eight 
very  long  lobes ;  three  were  dorsal,  viz.  a  median  anterior,  and  two 
lateral  placed  far  back ;  three  ventral,  viz.  a  median  in  the  front  of 
the  mouth  forming  a  large  upper  lip,  and  two  processes  at  the  sides  of 
the  mouth.  The  number  was  completed  by 
two  lateral  processes  of  the  bod^.  All  the 
processes  except  the  dorsal  median  one  are 
shewn  in  fig.  88.  In  Hallez'  larva,  fig.  87, 
the  six  posterior  processes  form  a  rather 
definite  ring,  while  one  flagellum  projects 
from  the  front  end  of  the  body  immediately 
below  the  eyes,  and  a  second  flagellum  behind. 
In  Moseley's  youngest  larva  six  processes 
only  were  present,  though  subsequently  eight 
became  formed  as  in  Miiller's  larvss. 

The  metamorphosis  consists  in  the  whole 
animal  growing  longer  and  flatter,  and  in  the  Fio.  88.  Mullkb'b  Turn- 
arms  becoming  gradually  shorter  and  shorter  bsllabun  jarta,  (pbobablt 
till  they  finally  disappear  altogether,  and  the  Thtbakozook).  Vhwed 
larva  acquires  the  ordinary  adult  form.  (After  Mttller.) 

The  lobed  larval  form  of  the  Turbellaria  The  ciliated  band  it  re- 
has  some  points  of  resemblance  to  the  Pili-  ^"JJT'JS^uS^t^z^i^  "S^ 
dium  form  of  nemertine  larva  described  be-  "*'  ^^^  '  **' '  ^^^^  ^' 
low,  yet  its  resemblance  to  this  interesting  larva  is  less  close  than  would 
appear  to  be  the  case  with  certain  turbellarian  larval  forms  recently 
described  by  Gotte  and  MetschnikoiT,  which  are  in  some  respects 
intermediate  in  character  between  the  larva  of  Leptoplana  and  those 
just  described. 

The  obsen'ations  of  Gritte  (No.  184)  were  made  on  Planaria  Neapoli- 
tana  and  Thysanozoon  Diesingi,  and  those  of  Metschnikotf  (No.  188) 
on  Stylochopsis  ponticus.  The  larvn  of  all  these  forms  undergo  more 
or  less  of  a  metamorphosis,  but  the  accounts  of  their  development  are 
not  easily  reconciled*.     The  early  stages  of   Planaria  are  like  those  of 

^  The  accoant  of  MetschnikofTs  observatione  on  StyloehopriB  pontions  given  in 
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Leptoplana,  as  described  liy  Kefentt«in.  Fixir  large  bypobliiat  cells 
become  Burrounded  by  ttoiall  epiblust  cells,  whicli  commeDce  to  be  formed 
on  the  dorsal  side.  Thi;  hypoblast  cells  divide  oud  ari'ange  tbemselve«  in 
two  bilaterally- By miuetrical  rows.  A  BiiiaJl  blaate]H)re  is  left  by  the  enifdl 
cells  on  the  ventral  tur/uce,  which  communicates  with  aii  otherwise  cloBe<l 
and  ciliated  cavity  which  is  formed  between  the  two  rows  of  hypoblast  cells. 
The  blastopore  would  seem  to  remain  permanently  open,  and  to  be  placed 
at  the  base  of  a  deep  pit,  lined  by  epiblast  cells,  which  constitutes  the 
Btomodieum. 

The  embryo  now  becomes  dorsally  convex,  while  the  ventrul  surface 
becomes  miirke<i  with  a  median  furrow  and  grows  out  laterally  inl» 
two  lobes,  and  anteriorly  into  a  ventral ly -directed  upiwr  lip.  The  whole 
Hurfato  becomes  ciliated,  and  the  cilia  are  especially  prominent  on  th« 
ventral  proceHses  and  the  summit  of  the  dorsal  dome, 
A  bunch  of  strong  cilia  becomes  formed  in  front  of  tbo 
dome,  and  a  less  marked  bunch  behind.  The  larva  ia 
r  stated  by  GiJtte  closely  to  resemble  a  Filidium. 
wever,  extends  itself,  iiud  the  two  bunches 
of  cilia  become  situated  at  the  anterior  and  posterior 
extremitiefl  of.lhe  bwly.  The  ventral  processes  become 
inconspicuous  prominences  of  the  side  of  the  body. 
Ootte  believes  that  tho  lari'a  undergoes  no  further 
metnmoq)hoBi  a, 

I  larva  (fi;.{s.  89  and  90) — jiossibly  Plan,  angnlata, 
ol>Berve<l  by  Alex.  Agassiz  (No.  i8i), — is  very 
different  from  auy  other  so  far  deiwribed,  and 
is  remarkable  for  being  divided  into  a  seriee  of 
segments  corresponding  in  number  with  the 
diverticula  of  the  digwitive  cavity.  In  the 
youngest  ejiecimen  (fig.  89)  the  body  was  nearly 
cylindrical,  and  divided  into  eleven  rings,  cor- 
responding with  as  many  digestive  diverticula. 
Two  eye-spots  were  present.  In  a  later  stage 
(tig.  90)  the  body  was  considerably  flattened 
and  hail  approached  more  to  the  planariati  form. 

the  German  abitract  ig  too  obecore  to  be  placed  in  the  text,  bnt  the  following  are 
the  more  important  points  which  can  be  glraned  from  it. 

Tha  ovam  breoniBH  first  divided  into  eight  seBmenti.  By  further  division  along 
tha  eqnataiial  zone,  a  ring  of  imall  crlls  in  rumied  which  becomei  the  epiblast.  The 
two  poles  ara  at  this  time  formed  of  large  celln.  At  one  pole  four  small  cella  appear, 
whicb  are  n>mpared  bj  Melochnikofl  to  the  pole  colls  of  the  Diptera  (lide  Chapter 
OD  the  development  of  the  lueootn).  At  the  appoHilc  jxile  a  blBBlOjiore  i»  formed 
lesdmi;  into  a  small  spgrneDtalion  ravity.  The  epiblast  oIho  nov  RTsduallj'  gif>«B  over 
the  large  cells.  At  the  blastopore  pule  the  large  cells  giie  rise  to  the  hj-poblut  and 
the  small  cells  at  ihe  opposite  pole  assist  in  fanoing  the  epihlsxt.  The  bUstopore 
diaappeaiv,  and  with  it  the  segmeDtslion  cavity,  while  tho  hTpoblast.  fonntiiga  solid 
maB.  beeumos  divided  into  l*u  halves  ^Cf.  I'lunaria  Ncapohtana.)  The  eiobiyo  be- 
ounics  oilialed  ami  begins  to  rotate ;  and  the  eyes,  and  eumewhat  later  {? )  the  nerrooa 
g«ni{Uon  make  Ibdr  appearanoo. 

In  tho  interior  a  wide  eavitj  develops  between  the  hj^blast  oelts,  which  bonomM 
ciliated  and  is  ploeed  in  communication  with  the  exterior  by  an  iDvoginated  stomo- 
dsiim  wbii?h  forms  the  pharjux. 

The  larianow.  a*  in  PliLiiaria  Keapolitann,  taken  on  a  Pilidium-like  form.  Lateral 
liibee  and  an  anterior  li|i  grow  out  from  the  under  furfaco.  and  beaomc  coTared 
with  loDR  cilia,  while  at  the  npper  pole  a  \uae  flogellnin  makes  its  appenrnnne. 
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If  Agassiz'  interesting  observations  can  be  trusted  we  have  in  this 
larva  indications  of  a  distinct  segmentation,  which  are  of  some  morpho- 
logical importance,  especially  when  taken  in  connection  with  the  traces  of 
segmentation  found  amongst  the  Nemertiiies. 

A  further  ty|)e,  with  an  incomplete  metamorphosis,  has  been  observed 
by  Girard  (183).  It  is  remarkable  for  having  an  uniform  segmentation, 
and  for  presenting  a  quiescent  stage  after  passing  through  a  free  larval 
condition  with  a  large  upper  lip. 

Fresh-water  DendroCOBla.  The  development  of  the  fresh-water 
Dendrocoela  has  been  especially  investigated  by  Knappert  (No.  186) 
and  MetschnikofF  (No.  188). 

The  ova  are  very  delicate  minute  naked  cells,  which  to  the 
number  of  4 — 6  or  more  become  enveloped  in  a  capsule  or  cocoon 
together  with  a  large  mass  of  yolk  cells  derived  from  the  vitel- 
larium.  The  yolk  cells  exhibit  peristaltic  movements  and  send  out 
amoeboid  processes.  Each  ovum  when  laid  becomes  surrounded  by 
an  extremely  delicate  membrane,  which  disappears  during  the  course 
of  development.  The  capsules  consist  of  a  spherical  case  and  a 
stalk.  The  latter  is  first  emitted  from  the  female  opening  as  a  thread- 
like body.  Its  free  end  becomes  attached^  and  then  the  remainder  of 
the  capsule  is  ejected. 

Impregnation  takes  place  before  the  formation  of  the  capsule.  The 
segmentation  is  complete.  The  ovum  first  divides  into  two  segments. 
One  of  these  next  divides,  forming  three  segments.  There  are  sub- 
sequently stages  with  four,  eight,  sixteen,  and  thirty-two  segment& 

Metschnikoff's  results  on  the  stages  subsequent  to  the  segmentation 
are  not  in  complete  harmony  with  those  of  Knappert;  but  no  doubt 
represent  an  advance  in  our  knowledge,  and  I  shall  follow  them  here.  His 
observations  were  made  on  Planaria  polychroa. 

In  the  earliest  stage  observed  by  him  the  segmentation  was  already  far 
advanced,  but  no  membrane  was  present  round  the  ovum.  At  a  later  stage 
the  ovum  becomes  more  or  less  bell  shaped  or  hemispheiical,  and  encloses 
within  its  concavity  a  mass  of  yolk  elements.  It  is  now  formed  of  three 
concentric  layers.  An  outer  layer  of  flattened  cells — the  epiblast,  a 
middle  layer  of  fused  cells — the  mesoblast^  and  an  inner  solid  mass  of  yolk 
cells — the  hypoblast. 

At  the  upper  pole  is  formed  the  protrusible  pharynx  (cf.  Knappert), 
which  is  provided  with  a  provisional  musculature  and  a  lumen.  By  its 
contractions  it  takes  up  the  yolk  elements  which  surround  the  embryo,  and 
the  rapid  growth  of  the  embryo  no  doubt  takes  place  at  their  expense.  The 
embryo  gradually  loses  its  hemispherical  foim,  and  assumes  an  elongated  and 
flattened  nhape.  It  acquires  a  coating  of  cilia  by  means  of  which  it  rotates. 
On  the  fifth  day  it  is  hatched. 

The  alimentary  tract  long  remains  solid,  even  after  it  has  acquired 
its  branched  form.  The  pharynx  becomes  withdrawn  as  soon  as  the  larva 
is  hatched.  It  loses  its  provisional  muscles,  and  subsequently  acquires 
a  permanent  musculature.  The  young  after  hatching  attach  themselves  to 
the  body  of  their  parent,  on  which  they  feed  (?). 
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Bimbdoccela.  The  dt^velopmeut  of  some  of  the  Rhabdocmla  has 
recently  been  studied  by  Uallez.  The  ova  are  mostly  laid  in  cap- 
sules, one  in  each  capsule.  Sometimes  the  development  commences 
before  the  capsules  are  laid,  at  other  times  not  till  afterwards.  In 
certain  forms  (Mesostomum)  there  are  summer  eggs  with  thin  capsules 
which  dovelope  within  the  [«irent,  while  hard  capsules,  forming  what 
are  known  as  winter  eggs,  are  laid  in  the  autumn,  and  the  embrj-o 
hatched  in  the  spring. 

The  ova  of  the  Khabdoctcta  like  those  of  the  fresh-water  Dendroccslft 
are  enTeloped  in  yolk  elements  derived  from  the  vitellarium. 

The  segmentation  probably  takes  place  in  the  same  way  as  in  Lepto- 
plana.  A  stage  with  four  equal  oella  has  been  observed  by  Hiillez,  and 
there  is  Hubswiiiently  an  epiliolic  gaatmla.  Tlie  embryo  bec-omefl  ciliat«d 
while  still  within  the  capBute  and,  uocurOing  to  Hallez,  the  pharynx  ariBea 
an  n  buil  of  the  hypoblast.  Tlie  proboscis  in  Prostomuin  originates  as  an 
epiblastic  iuvaginaUon. 

Nemertea. 

Some  Nemertea  develope  without  and  some  with  a  meta- 
morphosis. 

The  moat  remarkable  type  of  Nemertine  development  with  a 
metamorphosis  is  that  in  which  the  ovum  develops  into  a  peculiar 
larval  form  known  as  Pilidium,  within  which  tlie  perft-ct  worm 
is  subsequently  evolved.  Closely  allied  to  this  type  is  one  in 
which    the    sexual   worm    i.s    developed   within   a   liuval    form    as 
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Via.  91.     Thbii  a 

A  U  a  niilo  yien  in  oplicBl  sHitiiia. 

B  and  C  ue  tvn  later  ilages  (rom  the  ventrsl  (onl)  inrfaue. 

at.  ardicntenm ;  k.  BegmenUtiUD  c*«ily ;  h^.  hnrablast ;  mi.  meBoblaiil )  tp.  epi- 
bU*t  1  B.  moulh  1  «i.  HtoniHeh  1  pr-d.  proBkuLial  diBv;  po.d.  luetaetomial  disc;  pr. 
proboKia. 

in  rilidium,  but  in  which  the  larva  has  no  free  swimming  stage,  and 
is  thcrefi>re  without  the  chararterifltic  appendages  of  the  Filidium. 
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This  ia  known  as  the  type  of  Deaor  ami  is  confined  (?)  to  the 
genus  Lincus,  Tlie  I'ilidium  and  the  Uesor  type  may  be  first  con- 
sidered (vide  Barrois,  No.  192). 

The  type  of  Desor.  The  segmentation  is  regular  and  leads  to 
the  formation  of  a  blastosphere  with  a  large  aegmcutatiou  cavity. 
The  blastosphere  is  converted  by  invagination  into  a  gastnila  (fig. 
91  A).  The  blastopore  ia  soon  carried  relatively  forwards  by  the 
elongation  backwards  of  the  archenteron,  and,  according  to  Barrois, 
actually  forms  the  mouth.  Owing  to  the  elongation  of  the  arch- 
enteric  cavity  the  embryo  assumes  a  bilateral  form  (fig.  tii  A)  m 
which  the  dorsal  and  ventral  surfaces  can  be  diatiuguislied,  the  mouth 
(jH,)  being  situated  on  the  ventral  surface. 

Immediately  after  the  completion  of  the  ga.ttrula  a  remarkable 
series  of  pbonomena  takes  place.  The  embryo  when  viewed  from  the 
ventral  surface  assumes  a  pentagonal  form  (fig.  91  B),  and  four 
invaginations  of  the  epiblast  make  their  appearance  on  the  ventral 
Burface  (fig.  92  A),  two  in  front  of  (pr.  d.)  and  two  beliind  (po.  d.) 
the  vwitth ;  tbey  result  in  tho  fonnation  of  four  thickened  discs. 
These  discs  soon  become  separated  from  the  external  skin,  which 
closes  in  forming  an  unbroken  layer  over  them  (fig.  91  (J).  The 
discs  grow  rapidly,  and  first  the  prostomial  pair  and  subsequently  tlie 


Fm.  92.     Tbre3  btaubs  m  the  iikvelomient  of  LtsBUB.     (Afler  B»riioiw.| 
A.     Side  viev  of  ao  embryo  Kt  a  very  earl;  stage  ns  an  opaque  object. 
B  and  C.     Too  late  Btanes,  seen  as  transparent  objectn  from  the  central  sarface, 
at.  archenteron;  m.  moutb;  pr-d,  proatomial  diHc:  po.d.  metaHtomial  difc;  et.  lateral 
pit  developing  in  BsK  adiv(rticii1um(Totn  tlie<piH>phBK"B:  pr.  prubowin;  mt.  aiDwnlnr 
layer  (?)  1  It.  larval  akin  about  to  be  tbrown  ofT  1  mf.  mRfiobWt  -.  M.  stomach. 
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metastomial  fuse  together,  and  finally  the  whole  four  unite  into  a 
continuous  ventral  plate;  analogous  it  would  seem  to  the  ventral 
plate  of  chaetopodan  and  arthropodan  embryos.  Tlie  plate  so  formed 
gradually  extends  itself  so  as  to  close  over  the  dorsal  surface,  and  to 
form  a  complete  skin  within  the  primitive  larval  skin,  which  at  this 
period  is  richly  ciliated,  though  the  embryo  is  not  yet  hatched  (fig. 
01  C).  While  these  changes  are  taking  place,  there  are  budded  off 
from  the  invaginated  discs  a  number  of  fatty  cells,  which  fill  up  the 
space  between  the  discs  and  the  archenteron,  and  eventually  fomi 
the  mesoblastic  reticulum.  During  this  stage  the  rudiment  of  the 
proboscis  also  makes  its  appearance  as  a  solid  process  of  epiblast, 
which  grows  backwards  from  the  point  of  fusion  of  the  two  prostomial 
discs  at  the  front  end  of  the  embryo  (fig.  91  C,  pr,).  A  lumen 
is  excavated  in  it  at  a  later  period.  The  lateral  organs  or  cephalic 
pits  arise  in  a  somewhat  unexpected  fashion  as  a  pair  of  diverticula 
from  the  oesophagus  (fig.  92  B,  w.)',  which  soon  fuse  with  the  walls 
of  the  body  at  the  junction  of  the  prostomial  and  metastomial  plates 
(fig.  92  C,  C8,)y  although  they  remain  for  some  time  attached  to 
the  cesophagus  by  a  solid  cord. 

During  these  changes  the  original  larval  skin  separates  itself 
from  the  subjacent  layer  formed  by  the  discs  (fig.  92,  B  and  C), 
and  is  s^>on  thrown  off  completely,  leaving  the  already  ciliated 
(fie.  92  C)  external  layer  of  the  invaginated  discs  as  the  external 
skin  of  the  voung  Nemertine.  During,  and  subsequently  to,  the 
casting  off  of  the  embryonic  skin,  important  changes  take  place  in 
the  constitution  of  the  various  layers  of  the  body,  resulting  in  the 
formation  of  the  vascular  system  and  other  mesoblastic  organs,  the 
nervous  system,  and  the  permanent  alimentary  tract.  These  changes 
appear  to  me  to  stand  in  need  of  further  elucidation;  and  the  account 
below  must  be  i*eceived  with  a  certain  amount  of  caution. 

It  has  been  already  stated  that  the  two  discs  give  rise  to  fatty  cells, 
which  occupy  the  space  between  the  widls  of  the  body  and  the  archenteron. 
At  tlie  period  of  the  casting  off  of  the  embryonic  skin  fresh  changes  take 
place.  The  discs  become  very  much  thickened,  and  then  divided  into  two 
layers,  which  become  the  epidermis  and  subjacent  muscular  layers.  The 
muscular  layers  arise  in  two  maMses,  separated  by  the  two  cephalic  sacks. 
The  anterior  mass  is  formed  as  an  unpaired  anterior  thickening,  followed 
by  two  lateral  thickenings.  The  posterior  mass  is  much  thinner,  in  cor- 
respondence with  the  rapid  elongation  of  the  metastomial  portion  of  the 
embryo. 

The  cells  originally  split  off  from  the  discs  undergo  considerable  changes, 
some  of  them  arrange  themselves  around  the  proboscis  as  a  definite  mem- 
lirane,  whicli  l)OComes  the  proboscidean  sheath^  some  also  form  a  true 
splanchnic  layer  of  mesoblast,  and  the  remainder,  which  are  especially  con- 
centrated during  early  embryonic  life  in  the  anterior  parts  of  the  body, 
form  the  general  interstitial  connective  tissue.     The  cephalic  ganglia  are 

1  Btitwhli  for  Pilidium  regardR  thcRe  pits  as  formed  by  invaginations  of  the  cpiblant, 
but  MetArbnikoff*s  Htat«>ment8  are  in  aoeordance  with  those  in  the  text. 
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■tated  to  become  graduftlly  ditferentiatvd  iu  the  proiitoiniul  ineBobta^t,  and 
the  two  cords  conuected  with  tliem  in  the  metastomiai  mesohlast. 

At  the  time  vhen  the  larval  skin  is  cast  off  the  oiiginal  mouth  beoomee 
closed,  and  it  is  not  till  some  time  afterwards  that  a  penuaneiit  mouth  is 
formed  in  the  same  situation.  During  the  early  part  of  embryonic  life 
the  intestine  is  lined  with  columnar  cells,  but,  befoi'e  the  loss  of  the  larval 
skin,  the  walla  of  the  intestine  undergo  a  peeuliar  metamorphosis.  Their 
colls  either  fuse  or  become  indistinguishable,  and  their  protoplasm  appears  to 
become  converted  into  yolk -spherules,  which  fill  up  the  whole  space  within 
the  walls  of  the  body,  and  are  only  prevented  from  extending  forwards  by 
a  membrane  of  connective  tissua  This  masa  gradually  foiTus  itself  into 
a  distinct  canal,  lined  by  columnar  cells. 

Filidiutn.  In  the  case  of  the  true  Pilidium  type,  the  larva  is 
hatched  very  early  and  leads  the  usual  existence  of  surface  larvie. 
A  regular  segmontation  is  followed  by  an  invagination  which  does 
not  however  cause  the  complete  obliteratiou  of  the  segmentation 
cavity  (fig.  93  A,  a.e.). 

The  primitive  alimentary  tract  so  formed  becomes  divided  into 
oesophageal  and  gastric  regions  (fig.  93  B,  oe.  and  «(.).  Even  while  the 
iuv^nation  of  the  archenteron  is  proceeding,  the  larva  becomes 
ciliated  throughout,  and  assumes  a  somewhat  conical  form,  the  apex 
of  the  cone  being  opposite  the  flat  ventral  surface  on  which  the 
mouth  is  situated  (fig.  93  A  and  B).  From  the  apex  a  flagellum  pro- 
jects in  many  forms,  giving  the  larva  a  helmet-hke  appearance.  In 
other  forms  a  bunch  of  long  cilia  takes  the  place  of  the  flagellum  (fig, 
94),  and  in  others  again  the  tiagellum  is  not  represented.  After  the 
completion  of  the  invagination  a  lobe  grows  out  on  each  side  of  the 
mouth,  and  less  well  developeci  lobes  may  appear  anteriorly  and  pos- 


Fio.  B8.    Two  BTiona  w  thk  dkvelopmemt  oe  PiLitiiuu.     (After  UelBchmkoB.) 
t.  aroheoteron ;  or.  msophagus;  it.  utoniftob ;  am.  amnion  ;  pr.ij.  proatomuU  di>c ; 
.  cephalic  Hack, 
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urnatly.      Kound  the  vdge  »f  the  ventral  surface  &   dilated  band 
inakea  ii»  appearaD<:e. 

Two  pairs  of  iDvagioatioDS  of  the  skio.  just  as  in  the  type  of 
DeMor,  now  make  their  appearance,  one  pair  in  front  of  and  the 
other  behind  the  muuth  (fig.  93  B,  prA.  and  po.d.),  and  each  of  them 
by  the  closure  of  tb© 
opening  of  invagination 
fomis  a  sack,  the  outer 
wall  of  which  becomes 
very  thin  and  the  in- 
ner wall  (eorresponding 
with  the  whole  inva^- 
nation  of  the  type  of 
Uesor)  vpfy  thick.  The 
inner  walls  of  the  four 
tliickenings,  which  I 
may  speak  of  as  discs, 
ui>w  fnse  together,  each 
disc  first  uniting  with 
il3  fellow,  and  finally 
the  two  pairs  uniting. 

A  ventral  germinal 
pijite  is  thus  estab- 
lished, which  gradually 
grows  round  ine  inte»- 
line  of  the  Pilidium  to 
form  the  skin  of  the 
future  Neniertiue,  The 
outer  thin  layer  of  each 
of  the  diacs  p-owa  pari 
passu  with  the  inner 
layer,  and  fumiahes  an 
aninion-like  covering 
for  the  embryo  which 
is  forming  within  the 
Pihdium  tfig.94,  B»). 

In  connection  with 
the  young  vermiform 
Neniertine  there  is 
formed  on  each  side  an 
outgrowth  from  the 
ii.-«ophagus  (fig.  94)  which  is  eventually  placed  in  communication 
with  tliv  exterior  by  a  ciliated  canal'.     The  proboscis  arifies  as  an 


Fi<i  tl4. 

A.      PlLIMtlW  •■tTll  *!l  iliTLVC 
II.     Ull-K   KKIIDTa  . 

•HxiUPiM  ix  I'lUviuK.     (Uuth  after  liiitschli.) 

ir.  mojAuigati  i  it.  BUnuacli ;   i.  intMtiiM  ;  pr.  pro- 
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hollow  invagination  at  the  point  where  the  two  anterior  discs  fuse 
in  front. 

When  the  young  Nemertiue  has  become  pretty  well  formed  within 
the  Pilidium  it  becomes  ciliated,  begins  to  move,  and  eventually 
frees  itself  and  leads  an  independent  existence,  leaving  its  amnion  in 
the  Pilidium  which  continues  to  live  for  some  time. 

The  central  nervous  system  (fig.  94)  is  developed  either  before  or 
after  the  detachment  of  the  young  Nemertine,  according  to  Metsch- 
nikoff  as  a  thickening  of  the  epiblast.  The  young  Nemertine  is  at 
first  without  an  anus. 

The  development  of  the  Nemertine  within  the  Pilidium  is  clearly 
identical  with  that  of  the  Linens  embryo  within  the  larval  skin; 
the  formation  of  an  amnion  in  the  Pilidium  constituting  the  only 
important  difference  which  can  be  pointed  out  between  the  modes  of 
origin  of  the  young  Nemertine  in  tne  two  types. 

So  far  as  is  known  the  forms  which  develop  in  a  Pilidium,  or 
according  to  the  type  of  Desor,  all  belong  to  the  division  of  the 
Nemertines  without  stylets  in  the  pi'oboscis,  known  as  the  Anopla. 

Development  without  Metamorphosis.     The  majority  of  the 

Nemertea,  including  the  whole  (?)  of  the  Enopla,  develope  without 
f£  metamorphosis.  The  observations  which  have  been  made  on  this 
type  are  not  very  satisfactory,  but  appear  to  indicate  that  the  for- 
mation of  the  hypoblast  may  take  place  either  by  invagination  or 
by  delamination. 

Invaginate  types  have  been  observed  by  Barrois  (No.  192),  Dieck  (No. 
196)  and  Hubrecbt. 

Ban'ois'  fullest  observations  were  made  on  Amphiporus  lactijloreus  (one 
of  the  Enopla),  and  those  of  Dieck  on  Cephalothrix  gcUat/iece  (one  of  the 
Anopla). 

A  regular  segmentation  is  followed  by  a  blastosphere  stage  with  a 
Hmall  segmentation  cavity.  In  Barrois'  type  the  inner  ends  of  the  cells  of 
the  blastosphere  are  stated  to  fuse  into  a  kind  of  syncytium.  A  small 
invagination  takes  place,  and  the  cells  which  take  part  in  it  separate  from  the 
epiblast,  and  then  fuse  with  the  syncytium  within  the  blastosphere.  Dieck 
finds  that  in  Cephalothrix  the  invaginated  mass  simply  vanishes. 

Barrois'  statements  about  the  fusion  of  the  syncytium  derived  from  the 
epiblast  cells  with  the  invaginated  cells  must  be  regarded  as  very  doubtful. 
Tlie  formation  of  the  germinal  layers  takes  place,  according  to  Barrois,  by 
the  separation  of  the  internal  mass  of  cells  into  mesoblast  and  hypoblast 
The  proboscis  is  formed,  according  to  this  author,  from  the  mesoblastic 
tissues.  Dieck,  on  the  other  hand,  with  greater  probability,  states  that  the 
pro1>oscis  is  formed  by  an  invagination.  In  Cephalothrix  a  further  point 
deserves  notice,  in  that  the  whole  of  the  primitive  epiblast  becomes  shed. 
In  this  fact  there  may  perhaps  be  recognised  the  last  trace  of  a  metamorphosis 
like  that  in  the  type  of  Desor. 

Delaminate  tyi)€S  have  been  studied  by  Barrois  (No.  192)  and  Hoffman 
(No.  198),  both  of  whom  give  circumstantial  accounts  of  their  develop- 
ment. 

Hoffman's  account  is  especially  deserving  of  attention,  since  his  obsorva- 
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tions  were,  lo  a  j^reat  ext«nt,  made  tiy  iiieaus  of  artificial  aeclioDS.  The 
followinjj  account  in  taken  from  him.  Hia  observations  were  mftde  on 
Tetra»tem.ma  vnricolor,  &iid  Tetraatemma  appears  to  be  the  genua  in  which 
this  type  of  development  has  been  moat  completely  made  out.  After  a 
regular  segmentation  the  embryo  forms  a  aolid  mass  of  cells,  the  out«nuoet 
of  which  soon  become  distinguished  as  a  separate  epiblastic  layer.  At  the 
game  time  the  larva  luaves  the  eg^',  and  the  epiblast  cells  become  oaaleA  by 
an  unifomi  covering  of  cilia.  At  thu  anterior  extremity  of  the  body  is  a 
buncli  of  long  cilia ;  and  at  the  hinder  end  two  stilf  briHtlea  are  formed,  but 
soon  disaj>]>ear. 

The  internal  mass  of  cells  in  still  quite  uniform,  but  na  the  larva 
grows  in  length  the  outermost  of  tlicm  arrange  themselves  as  a  columnar 
layer,  constituting  the  menoblsst.  Of  the  cells  internal  to  the  mesobliut 
the  outer  become  columnar,  and  are  converted  into  the  walls  of  the 
alimentary  tract,  while  the  inner  ones  undergo  fatty  degeneration,  and 
form  a  kind  of  food-yolk.  In  the  later  development  the  chamctera 
of  the  adult  are  gradually  acquired  without  metamorphosis,  and  the  larval 
skin  passes  directly  into  tLat  of  the  adult.  Both  mouth  and  anus  ai« 
fm'med  nearly  simultaneously  by  a  rupture  of  tlie  eiit«ric  wall  from  withiu. 
The  nervoDS  system  anst's  as  a  thickening  of  the  epiblast,  which 
Hoffman  states  he  hus  l>een  able  to  see  in  sections.  Hoflman  also  states 
that  the  epithelium  of  the  proboscis  is  formed  as  a  diverticulum  of  the 
alimentary  tract,  and  that  its  sheath  is  formed  by  a  special  meeoblastio 

Barrois  is  less  precise  than  Hoffman,  from  whom  he  differs  in  certain 
particulars,  Hoffman's  statements  about  the  proboscis  are  important  if 
accurate,  but  require  further  confirmation. 

Halacobdellft.  The  early  stages  in  development  of  the  peculiar  octo- 
parwiitic  Nemertine  MidariAiidta  have  been  workeil  by  Hoffuian  (No.  199) 
by  moans  of  sections,  and  thfre  appears  to  l)e  a  (-lose  agreement  between 
the  develo|}ment  of  Mnlacobdellu  and  that  of  Tetrastemma. 

The  segmentatioTi  is  uniform,  and  tliere  is  no  trace  of  a  segmentatioii 
cavity.  On  the  tliinl  day  after  impregnation  the  outermost  cells  of  th« 
embryo  become  flattened  and  ciliated,  and  distinguished  from  the  remain- 
ing spherical  cells  of  the  embiyo  as  the  epiblaat  With  the  appearance 
of  cilia  a  rotation  of  the  embryo  commences.  On  the  fourtii  day  the 
embryo  becomes  oval,  and  at  one  of  the  poles — the  future  anal  pole — a 
Bepsration  takes  place  Iwtween  the  epiblast  and  tlie  inner  cells,  giving  I'lM 
to  the  Ifody  cavity.  In  it  are  a  numlier  of  loose  oval  cells,  which  soon 
become  stellate,  and  form  a  mesublostio  reticulum  connecting  the  body-wall 
and  central  cells  of  the  embryo,  which  may  now  be  sjHtken  of  as  hypoblast;. 
The  body-cavity  increases  in  si7.e,  leaving  at  last  the  hypoblast  and  epiblast 
united  only  at  one  point — the  oral  |iole — at  which,  on  the  fifth  day,  a  crown 
of  long  cilia  appears.  The  solid  mass  of  hypoblast  in  the  interior  beeomea 
differentiated  into  an  outer  layer  of  cells— the  true  glandular  epitheliom  of 
the  alimentary  tract — iind  on  inner  core,  the  cells  of  which  soon  undergo 
fatty  degi'neration,  and  serve  as  food'yolk. 

The  later  stages  of  development,  ajid  the  formation  of  tiie  proboecia, 
etc.,  have  not  been  worked  out. 

General  considerations.  Of  the  types  of  larvx  hitherto  found 
amongst  the  Neniirtwi,  those  with  a  uictaniorpliosis,  viz.  the  Pilidium 
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type  and  that  of  Desor,  are  to  be  regarded  as  the  primitive.  But 
even  in  Pilidium  there  are  evidences  of  a  great  abbreviation  in 
development.  Pilidium  itself  is  probably  a  more  or  less  modified 
ancestral  form,  while  the  peculiar  development  of  the  Nemertine  within 
it  is  to  be  explained  as  a  very  much  shortened  record  of  a  long  series 
of  changes  by  which  the  Pilidium  became  gradually  converted  into 
a  Nemertine.  The  formation  of  the  body  wall  of  the  Nemertine  by 
four  epiblastic  invaginations  is  a  remarkable  embryological  phenome- 
non, for  which  it  is  not  easy  to  assign  a  satisfactory  meaning;  and  it  is 
probable  that  it  is  merely  a  secondary  process  of  growth  similar  to 
the  formation  of  imaginal  discs  in  the  larvae  of  Diptera  {vide  Chapter 
on  Tracheata),  which  has  had  its  origin  in  the  abbreviation  of  the 
development  just  alluded  to.  The  development  on  the  type  of  Desor 
is  clearly  a  simplification  of  the  Pilidium  type,  and  its  peculiarities 
are  to  be  explained  by  the  fact  that  the  first  larval  form  has  no  free 
existence.  The  types  without  metamorphosis  have  no  doubt  a  de- 
velopment of  a  still  more  simplified  character ;  they  are  remarkable 
however  in  presenting  us,  if  the  existing  descriptions  are  to  be  trusted, 
with  examples  of  delamination  and  invagination  coexisting  in  closely 
allied  forms. 

Trematoda. 

The  eggs  of  the  Trematoda  consist  of  a  germ  or  true  ovum 
enclosed  in  a  mass  of  yolk  cells,  which  undergo  disintegration  and 
subsequent  absorption  at  varying  periods  of  the  development  From 
the  observations  of  E.  van  Beneden  (No.  218),  Zeller  (No.  217),  etc. 
it  is  known  that  the  segmentation  is  usually  complete,  but  generally 
somewhat  irregular. 

Unfortunately  we  are  still  completely  in  the  dark  as  to  the  mode  of 
formation  of  the  germinal  layers.  The  embryos  of  the  entopara^tic 
forms  or  Distomeaj  become  free  in  a  very  imperfect  condition,  and 
the  ova  are  small;  while  in  the  Polystomeae  the  development  is  as 
a  rule  nearly  completed  before  hatching,  and  the  ova  are  large.  It 
will  be  convenient  to  treat  separately  the  development  of  the  two 
groups. 

BistomeaB.  Tlie  embryos  of  the  Distomese  are  hatched  either  in 
some  moist  place  or  more  usually  in  water.  In  the  majority  of 
genera  the  larvae  pass  through  a  complicated  metamorphosis,  accom- 
panied by  alternations  of  generations.  But  for  some  genera,  e.g. 
Holostomum,  etc.,  the  life  history  has  not  yet  been  made  out.  The 
whole  life  history  of  comparatively  few  forms  has  been  followed, 
but  sufficient  fragments  are  known  to  justify  us  in  making  certain 
general  statements,  which  no  doubt  hold  true  for  a  large  propor- 
tion of  the  Distomeae. 

The  larvai  are  usually  ciliated  (fig.  95  A),  but  sometimes  naked. 

The  ciliated  forms  are  generally  completely  covered  with  cilia,  but  iu 
Distomum  lanceolatum  the  cilia  are  confined  to  an  area  at  the  front  end  of 
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the  body,  in  the  centre  of  which  a  median  spine  is  placed.  An  x  shaped 
pigment  spot,  sometimes  provided  with  a  rudimentary  lens  {Mono^omum 
mutabile),  is  also  generally  situated  on  the  dorsal  surface. 

In  some  instances  a  more  or  less  completely  developed  alimentary  tract  is 
present  {Moiwatamufn  capitellumj  Amphistomum  ntbclawUum),  but  usually 
there  can  only  be  distinguished  in  the  interior  of  the  larva  a  transparent 
mass  of  cells  bounded  by  a  more  or  less  distinctly  marked  body  wall  with 
ciliated  excretory  channels. 

Ed.  van  Beneden  has  shewn  that  the  ciliated  covering  is  developed 
while  the  embryo  is  still  in  the  egg,  and  long  before  the  yolk  cells  are  com- 
pletely absorbed.  It  would  seem  that  even  before  hatching  this  ciliated 
covering  is  to  a  great  extent  independent  of  the  mass  within.  In  the 
larva  of  Monostomum  mutabile  (fig.  95  A),  which  offers  an  example 
of  an  extreme  case  of  the  kind,  there  is  present  within  the  ciliated 
epidermis  a  fully-developed  independent  worm. 

The  non-ciliated  larvie  are  less  highly  organised  than  the  ciliated  forms, 
and  are  covered  by  a  cuticle :  their  anterior  extremity  is  sometimes  provided 
with  a  circular  plate  armed  with  radiate  ridges  and  spines. 

The  free-swimming  or  creeping  embryos  make  their  way  into 
or  on  to  the  body  of  some  invertebrate  (occasionally  vertebrate)  form, 
usually  a  Mollusc,  to  undergo  the  first  stage  in  their  metamorphosis. 
They  may  either  do  this  on  the  gills  of  their  host,  or  very  frequently 
they  bore  their  way  into  the  interior  of  the  body.  Soon  after  the 
larva;  have  reached  a  satisfactory  position  the  epidermis  becomes 
stripped  off,  and  there  emerges  a  second  larval  form  developed  in 
the  mterior  of  the  first  larva,  much  as  a  Nemertine  is  developed 
within  the  larva  of  Desor.  In  the  cose  of  Monostomum  mutabile  the 
new  worm  is,  as  stated  above,  fully  formed  within  the  ciliated  larva 
at  the  time  of  hatching. 

The  worm  which  proceeds  from  the  above  metamorphosis  has 
different  characters  corresponding  with  those  of  the  larva  from 
which  it  proceeded.  If  the  original  larva  had  an  alimentary  canal 
it  has  one  also,  and  then  grows  into  the  form  known  as  a  Redia 
(Fig.  95,  B  and  C). 

The  Kedia  has  anteriorly  a  mouth  leading  into  a  muscular 
pharynx  and  thence  into  a  caecol  stomach.  Posteriorly  the  body 
IS  prulongc<l  into  a  kind  of  blunt  caudal  process,  at  the  commence- 
ment of  which  are  a  pair  of  lateral  papillae.  There  is  a  perivisceral 
cavity,  and  the  boily  walls  are  traverse<l  by  excretory  tubes. 

If  the  original  larva  is  without  an  alimentary  tract,  the  second 
form  becomes  what  is  known  as  a  Sporocyst.  The  Sporocyst  is 
tt  simple  elongated  Kick  with  a  ccntraJ  body  cavity;  when  derived 
frt>ni  the  metamorphosis  of  a  ciliated  embryo  its  walls  ure  provided 
with  excretory  tulxis,  but  such  tubes  are  absent  in  Sporocysts 
ileveloped  from  non-ciliated  larva\  Some  Sporocysts  send  out  nu- 
merous bninches  amongst  the  viscera  of  their  hosts. 

The  Ile<lifu  and  Sporocysts  rapidly  grow  in  size  and  sometimes 
increase  by  tninsverse  division.  In  the  coiirse  of  their  further  de- 
velopment one  of  two  things  may  happen.     They  may  either  (1)  de- 
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velope  fresh  Redise  or  Sporocysts  by  a  process  of  internal  budding 
(fig.  95  C; ;  or  else  (2)  there  may  be  formed  in  them,  by  an  analogous 
process,  larvae  with  long  tails 
known  as  CercarisB  (fig.  95 
D).  The  direct  development  of 
Cercaria3  is  the  usual  course, 
though  in  Diatomum  globiparum 
the  reverse  is  true;  but  where 
this  does  not  take  place  the  Re- 
diae  or  Sporocysts  of  the  second 
generation  give  rise  to  Cercariai. 
The  Cercariai  are  developed 
from  spherical  masses  of  cells 
found  in  the  body  cavity  of  the 
Sporocyst  or  Redia.  The  exact 
origin  of  these  masses  is  still 
somewhat  obscure,  but  they  are 
stated  by  Wagener  (No.  2 1 2)  to  Fio.  95.  Vabious  stages  im  thb  Mkta- 
be  derived  from  the  body  wall.  >»orphosis  of  the  Di8toi««  (firom  Huxley). 

Thev    are  probably  to  U  re-  ,,,^-  ^^^^^u.?'  TCTZ^SIS 

garded  as  mtemai  buds.  within  it.    B.  Bedis  of  Monostomnm  mnta- 

The    spherical    bodies    grow  ^ilo.     C.  Bedia  of  Diatomum  paoifioum,  with 

mpidly  in  size,  their  posterior  Snf4^^"1°JSL  ^F.S 
extrenuty  is  prolonged   into   a  grown  Distomum. 
process   which   fonns    the   tail, 

while  the  anticrior  part  forms  the  trunk.  When  fully  formed  (fig.  95  E), 
the  trunk  has  very  much  the  organisation  of  an  adult  Distomum. 
There  is  an  anterior  and  a  ventral  sucker,  the  former  of  which  contains 
the  opening  of  the  mouth,  and  is  often  provided  with  a  special  chitinous 
armature.  The  mouth  leads  into  a  muscular  pharynx,  and  this  into  a 
bilobed  csecal  alimentary  tract.  An  excretory  system  of  the  ordinaTy 
type  is  present,  consisting  of  longitudinal  contractile  trunks  con- 
tinuous anteriorly  with  branched  ciliated  canals,  which,  as  has  re- 
cently been  shewn  by  Biitschli,  may  be  provided  with  funnel-shaped 
ciliat^  internal  openings\  The  contractile  trunks  unite  posteriorly, 
but  instead  of  opening  directly  to  the  exterior  are  prolonged  into 
a  vessel  which  traverses  the  substance  of  the  tail,  and  after  a  longer 
or  shorter  course  bifurcates  into  two  branches  which  open  laterally. 

The  tail  is  provided  with  an  axial  rod  of  hyaline  connective 
tissue,  like  the  notochord  of  the  tail  of  a  larval  Ascidian,  and  is  fre- 
quently provided  with  membranous  expansions.  It  is  used  as  a 
swimming  organ.  Beneath  the  epidermis  are  layers  of  circular  and 
longitudinal  muscular  fibres,  the  latter  arranged  in  the  tail  as  two 
bands. 

The  CJercariae  when  fully  developed  leave  the  Sporocyst  or  Redia, 
and  then  their  host,  and  become  free.     In  most  Rediso  there  is  a 

1  O.  Butsohli,  "Bemerkungen  ilh.  d.  exoretorisohen  Gefassapparat  d.  Trematoden,** 
ZoohyUeher  Anzeiger^  1879,  No.  42. 
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nth.  hy  which  they  pass  8 


special  opeuiog,  not  far  froul  the 

There  is  no  such  opening  in  Sporocyets,  but  the  Cercarite  bore  tlieJr 

way  through  the  walls. 

After  leaving  theii'  parent  the  Cercariae  pass  into  the  external 
medium,  and  for  a  short  period  have  a  free  exi8t«nce.  They  soon  how- 
ever enter  a  new  host,  making  their  way  into  its  body  by  a  process  of 
boring,  which  ift  effected  by  the  head  (especially  when  anned  with 
chitinous  processes)  assisted  by  movements  of  the  tail. 

The  second  boat  is  usually  some  Invertebrate  (Mollusc,  Worm, 
Crustacean,  Insect  larva,  Ac),  but  occasionally  a  Fish  or  Amphibian 
or  even  a  vegetable.  The  tail  is  very  often  lost  as  the  Cercai'ia  bores 
its  way  into  its  host,  hut  whether  it  is  so  or  not,  the  Cercaria,  after  it 
has  once  reached  a  suitable  post  in  its  new  host,  assumes  a  quiescent 
condition,  and  surrounds  itself  with  a  many-layered  capsule.  The 
cephalic  armature  and  tail  (if  still  present)  are  tlieu  exuviated^  and 
the  generative  organs  gradually  become  apparent  thongh  very  small. 
In  other  respects  the  organization  is  not  much  altered. 

Though  an  encysted  Cercaria  may  remain  some  months  without 
further  change,  it  eventually  dies  unless  it  be  introduced  into  ita 

Eermanent  vertebrate  host,  an  act  which  is  usually  effected  by  the 
oBt  in  which  it  is  encysted  being  devoured.  It  then  becomes  freed 
from  its  capsule  as  a  fiilly  formed  Trematode.  in  which  the  generative 
organs  rapidly  complete  their  development. 

In  some  eases  the  Redise  or  Sporocysts  do  not  give  rise  to  tailed 
Cercariie,  but  to  tailless  forms.  In  such  cases,  as  a  rule,  the  encyst- 
meot  takes  place  in  the  host  of  the  Kedia  or  Sporocyst,  hut  the  tail- 
less  larva;  sometimes  pass  through  a  free  stage  like  the  Cercaria;.  In 
the  case  of  Dutomum  cyffnoidea,  parasitic  in  the  bladder  of  tbe  Frog, 
the  Cercaria  passes  directly  into  the  adult  host  without  tbe  interven- 
tion of  an  intermediate  host. 

The  life  history  of  a  typical  entoparasitic  Trematode  is  shortly  as 
follows. 

(1)  It  leaves  the  egg  as  a  ciliated  or  non-ciliated  free  larva. 

(2)  This  larva  makes  its  way  on  to  the  gills  or  into  the  body 
of  some  Mollusc  or  other  host,  throws  off  its  epidermis  and  becomes  a 
Redia  or  8porocyat. 

(3)  In  the  body  cavity  of  tbe  Redia  or  Sporocyst  numerous 
tailed  larva,  known  as  C'ercariie,  are  developed  by  a  process  of  internal 
gemmation. 

(+)  Tbe  Cercarite  pass  out  of  the  body  of  their  parent,  and 
out  of  their  host,  and  become  for  a  short  timfe  free.  They  then  pans 
into  a  second,  usually  invertebrate  host,  and  encyst. 

(5)  If  their  second  host  is  swallowed  by  the  vertebrate  host 
of  the  adult  of  the  species,  the  encysted  forms  become  free,  and  attain 
to  sexual  maturity. 

The  majority  of  these  stages  are  simply  parts  of  a  comphcated 
metamorphosis,  hut  in  the  coexistence  of  larval  budiliug  (giving  rise 
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to  CercariaB  or  fresh  Rediae)  with  true  sexual  reproduction  there  is 
in  addition  a  true  alternation  of  generations. 

FolystomeaB.  The  ova  of  the  Polystomcse  are  usually  large  and 
not  very  numerous,  and  they  are  in  most  cases  provided  with  some 
process  for  attachment.  Some  species  of  Polystomeae,  eg,  Gyrodac- 
tylua,  are  however  viviparous.  The  young  leave  the  egg  in  a  nearly 
perfect  state,  and  at  the  utmost  undergo  a  slight  metamorphosis  and 
no  alternations  of  generations.  Some  however  (Polystomum,  Diplo- 
zoon)  are  provided  with  temporary  cilia,  but  the  number  investigated 
is  too  small  to  determine  whether  ciliation  is  the  rule  or  the  excep- 
tion. The  ciliated  larvae  have  a  short  free  existence.  The  cilia  are 
developed  on  special  cells  which  may  be  arranged  in  transverse  bands 
in  the  same  way  as  in  the  larvaj  of  many  Chaetopods,  but  are  not, 
in  the  larvae  at  present  known,  distributed  imiformly.  When  the  free 
larvGB  become  parasitic  the  cells  with  cilia  shrink  up. 

In  Polystomum  integerrimum^  which  lives  in  the  urinary  bladder  of  Rcma 
temporaria^  the  eggs  when  laid  in  the  spring  pass  out  into  the  water.  The 
segmentation  is  complete,  and  the  embryo  when  hatched  is  provided  with 
most  of  the  adult  organs,  but  presents  certain  striking  larval  charactera 
It  has  five  rings  of  ciliated  cells.  Three  of  these  are  placed  anteriorly,  and 
are  especially  developed  on  the  ventral  sui'face,  the  posterior  one  being 
incomplete  dorsally ;  two  are  placed  posteriorly,  and  are  especially  de- 
veloped on  the  dorsal  surface.     Anteriorly  there  is  a  tuft  of  cilia. 

The  larva  itself  resembles  somewhat  an  adult  Gyrodactylus,  and  is  pro- 
vided (1)  with  a  large  posterior  disc  armed  with  hooks,  and  (2)  with  two 
pairs  of  eyes  which  persist  in  the  adult  state.  After  a  certain  period  of  free  ex- 
istence the  larva  attaches  itself  to  the  gills  of  a  tadpole.  The  rings  of  ciliated 
cells  shrink  up,  and  some  of  the  six  pairs  of  suckers  found  in  the  adult  com- 
mence to  be  formed  on  the  posterior  disc.  When  the  bladder  of  the  tadpole 
is  developed,  the  young  Polystomum  passes  down  the  alimentary  tract  to 
the  cloaca,  and  thence  to  the  urinary  bladder,  where  it  slowly  attains  to  sexual 
maturity.  When  the  larva  becomes  attached  to  the  gills  of  a  very  young 
tadpole,  its  development  is  somewhat  more  i*apid  in  consequence  of  better 
nutrition  from  the  more  delicate  gills.  It  then  reaches  its  iu\\  development 
in  the  gill  cavity,  and,  thougli  smaller  and  provided  with  differently 
organised  generative  organs  to  the  normal  form,  produces  generative  pro- 
ducts and  dies  without  being  transported  to  the  bladder  {vide  Zeller, 
^os.  2i6  and  217). 

The  ova  of  Diplozoon,  a  form  parasitic  on  the  gills  of  freshwater  fish 
(Phoxinus,  etc.),  are  provided  with  a  long  spii-al  filament  (Zeller,  no.  215). 
The  embryo  has  ^ve  ciliated  areas,  four  lateral  and  one  posterior.  The 
young  form  is  known  as  Diporpa.  Sexual  maturity  is  not  attained  till  two 
individuals  unite  permanently  together.  They  unite  by  the  ventral  sucker 
of  each  of  them  becoming  attached  to  the  dorsal  papilla  of  the  other.  Sub- 
sequently these  parts  coalesce,  and  the  ventral  suckers  disappear  in  the 
process.  Gyrodactylus,  parasitic,  like  Diplozoon,  on  the  gills  of  freshwater 
fishes  (Gasterosteus,  etc.),  is  remarkable  for  its  mode  of  reproduction.  It  is 
viviparous,  producing  a  single  young  one  at  a  time,  and,  what  is  still  moro 
remarkable,  the  young  while  still  within  its  parent  produces  a  young  one, 
and  this  again  a  young  one,  so  that  three  generations  may  be  present  within 
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the  parent.  It  seems  probable  that  the  second  and  third  generations  are 
produced  asexually,  the  generative  organs  not  being  developed;  while  the 
young  Gjrodactylus  of  the  first  generation  springs  from  a  fertilized  ovum 
(Wagener,  No.  214). 

Cestoda. 

On  anatomical  grounds  the  affinity  of  the  Cestoda  to  the  Trexna- 
toda  has  been  insisted  on  by  the  majority  of  anatomists.  The 
existence  of  such  intermediate  forms  as  Amphilina  tends  to  strengthen 
this  view ;  and  the  striking  resemblances  between  the  two  groups  in 
the  structure  of  the  egg  and  characters  of  the  metamorphosis  appear 
to  me  to  remove  all  doubt  about  the  matter. 

The  ripe  egg  is  formed  of  a  minute  germ  enveloped  in  yolk  cells, 
the  whole  being  surrounded  by  a  membrane,  which  is  very  delicate  in 
most  forms,  but  in  certain  types  has  a  firmer  consistency,  and  is  pro- 
vided with  an  aperture,  covered  by  an  operculum,  by  which  the  larva 
escapes. 

The  early  development,  up  to  the  formation  of  a  six-hooked  larva, 
generally  takes  place  in  the  uterus,  but  in  the  types  with  a  firmer 
egg-shell  it  takes  place  after  the  egg  has  been  deposited  in  water. 

The  segmentation  (K  van  Beneden,  No.  2 1 8,  MetschnikofT,  No.  228) 
is  complete,  and  during  its  occurrence  the  yolk  cells  surrounding  the 
germ  are  gradually  absorbed,  so  that  the  mass  of  segmentation  spheres 
grows  in  size,  till  at  the  close  of  segmentation  it  fills  up  nearly  the 
whole  egg-shell. 

As  was  first  shewn  by  Kolliker  for  Bothriocephalus  salmonis, 
the  embryonic  cells  separate  themselves  at  the  close  of  segmentation 
into  a  superficial  layer  and  a  central  mass. 

The  further  development  takes  place  on  two  types.  In  the  cases 
where  the  egg-shell  is  strong,  and  the  egg  is  laid  prior  to  the  forma- 
tion of  the  embryo,  a  ciliated  larva  is  developed  (Bothriocephalus 
latus,  ditremus,  ochistocephalus  dimorphus,  Ligula  simplicissima, 
etc.'). 

Of  these  forms  Bothriocephalus  latus  may  be  taken  as  type. 

The  development  of  the  embryo  requires  many  months  for  its 
completion.  The  outer  layer  becomes  ciliated  while  the  central  mass 
has  alrewly  become  developed  into  a  six-hooked  embryo.  The 
embryo  leaves  its  shell  by  the  opercular  aperture,  and  for  some 
time  swims  rapidly  about  by  means  of  its  long  cilia.  The  ciliated 
coating  is  eventually  strippetl  off,  and  the  six-hooked  larva  emerges. 

In  the  second  type  of  embryo  the  external  cellular  layer  does 
not  become  ciliated.  This  is  the  most  usual  arrangement,  and  is  even 
found  in  many  species  of  Bothriocephalus. 

The  central  mass  of  cells  becomes  developed,  as  in  the  other  type, 
into  a  six-hooked  (rarely  four-hooked)  embryo  (fig.  96  G),  but  the 
superficial  layer  separates  from  the  central,  and  either  disappears  or 
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becomes  (Bothriocephcdus  proboscideus)  a  cuticular  layer.  Between 
the  six-hooked  embryo  and  the  outer  layer  of  cells  one  or  more 
thick  membranes  become  deposited  (E.  van  Beneden).  The  eggs  are 
carried  out  of  the  alimentary  canal  in  the  proglottis  and  transported 
to  various  situations  on  land  or  in  water.  They  usually  remain 
within  the  proglottis,  invested  by  their  thick  shell,  till  taken  up 
into  the  alimentary  canal  of  a  suitable  host,  or  they  may  be  swallowed 
after  the  death  and  decay  of  the  proglottis.  They  are  subsequently 
hatched  after  their  shell  has  become  softened  by  the  action  of  the 
digestive  fluids. 

Before  proceeding  to  describe  their  further  history,  the  close 
resemblance  between  the  first  developmental  stages  of  Cestoda, 
especially  in  the  case  of  the  ciliated  larvse,  and  those  of  Trematoda, 
may  be  pointed  out. 

In  both  there  is  a  ciliated  larva,  and  in  both  there  is  developed 
within  the  ciliated  skin  a  second  larva,  which  becomes  freed  by  the 
stripping  o£f  of  the  ciliated  skin. 

The  type  of  development  has  moreover  many  analogies  with  that 
of  the  Nemertine  larva  of  Desor,  p.  163  (cf.  Metschnikoff),  and  is  pro- 
bably like  that  an  abbreviated  record  of  a  long  history. 

The  suitable  host  for  the  six-hooked  embryo  to  enter  is  rarely  the 
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FlO.  96.      DiAOBAMR    OF     VARIOUS    STAOB8    IN    THE    DETELOPXENT     OP     THE     CbSTODA. 

(From  Hnxley.) 

A.  Cystioerons.  B.  and  C.  Cystioeroi  in  the  everted  (B^  and  inverted  (C)  condition. 
D.  Gcennras.  E.  and  F.  Diagrams  of  Eohinocoocns.  It  is  most  probable  that  TsBnia 
heads  are  not  developed  directly  from  the  waU  of  the  cyst  as  represented  in  the 
diagram.    Q.  Six-hooked  embryo. 

same  as  the  host  for  the  sexual  form.  The  embryos  having  become 
transported  into  the  alimentary  canal  of  such  a  host,  and  become 
free,  if  previously  invested  by  the  egg-shell,  soon  make  their  way, 
apparently  by  the  help  of  their  hooks,  through  the  wall  of  the 
alimentary  tract,  and  are  transported  in  the  blood  or  otherwise  into 
some  suitable  place  for  them  to  undergo  their  next  transformation. 
This  place  may  be  the  liver,  lungs,  muscles,  connective  tissue,  or 
even  the  brain  (e.g.  Comurus  cerebraiia  in  the  brain  of  sheep). 

Here  they  become  enclosed  in  a  grauular  deposit  from  the 
surrounding  tissues,  which  becomes  in  its  turn  enclosed  in  a  connec- 
tive-tissue coat.     Within  lies  the  solid  embryo,  the  hooks  of  which 
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in  many  cases  disappear  or  I)ecorae  impossible  to  make  out.  In 
other  forms,  e.g.  Cytticercus  tiinads,  they  remain  visible,  and  then 
mark  iho  anterior  pole  of  the  wonn  (fig.  98,  c).  The  central  part  of 
the  body  next  becomes  transformed  into  a  material  composed  of  clear 
Don-nucleated  vesicles.  Accompanying  these  changes  the  embryo 
grows  rapidly  in  size;  a  cuticle  is  deposited  by  its  outer  layer,  in 
which  also  au  external  layer  of  circular  muscular  fibres  and  an 
internal  layer  of  longitudinal  fibres  become  differentiated,  and  internal 
to  both  there  is  formed  a  layer  of  granular  cells. 

With  the  rapid  growth  of  the  body  a  central  cavity  is  formed, 
which  becomes  filled  with  fluid,  and  the  embryo  assumes  the  form  of 
a  vesicle.  At  the  same  time  a  eysteni  of  excretory  vessels,  some- 
times opening  by  a  posterior  pore,  becomes  visible  in  the  wall  of  the 
vesicle. 

The  embryo  has  now  reacho:)  a  condition  in  which  it  is  known  as 
a  cystic-  or  bladder-worm,  and  may  he  compared  in  almost  every 
respect  with  the  sporocyst  of  a  Trematode  (Huxley). 

Tlie  next  important  change  consists  in  the  development  of  a  head, 
which  becomes  the  head  of  the  adult  Tieuia.  This  is  formed  in  an 
involution  of  the  outer  wall  of  the  anterior  extremity  of  the  cystic 
worm.  This  involution  forms  a  papilliform  projec- 
tion OD  the  inner  surface  of  the  wall  of  the  cystic 
worm,  with  an  axial  c-avity  opening  by  a  pore  on 
the  outer  surface.  The  layer  of  cells  forming  the 
papilla  soon  becomes  divided  into  two  laminae,  of 
which  the  outer  forms  a  kind  of  investing  mcmbraae 
for  the  papilla.  The  papilla  itself  now  becomes 
moulded  into  a  Cestode  head,  which  however  is 
developed  in  an  inverted  position.  The  suckers  and 
books  (when  present)  of  the  head  are  developed  on 
a  surface  bounding  the  axial  lumen  of  the  papilla, 
which  is  the  true  morphological  outer  surface,  while 
the  apparent  outer  surface  of  the  papilla  is  that 
which  eventually  forms  the  interior  of  the  (at  first) 
hollow  head.  Before  the  external  armature  of  the 
head  has  become  established,  four  longitudinal 
excretory  vessels,  continuous  with  those  in  the  body  of  the  cystic 
worm,  make  their  appearance.  They  are  united  by  a  circular  vessel 
at  the  apes  of  the  head.  The  development  is  by  no  means  completed 
with  the  simple  growth  of  the  heait.  but  the  whole  inverted  papilla 
continues  to  grow  in  length,  and  gives  rise  to  what  afterwards  becomes 
part  of  the  trunk.  The  whole  papilla  eventually  becomes  everted, 
and  then  the  cystic  worm  takes  the  form  (fig.  !I7)  of  a  head  and 
unsegmented  trunk  with  a  vesicle — the  body  of  the  cystic  worm — 
attached  behind.  The  whole  larva  is  known  as  a  Cysticercus.  The 
term  acolex.  which  is  also  sometimes  employed,  may  be  conveniently 
retained  fur  the  head  and  trunk  only.  The  head  differs  mainly  from 
that  of  the  adult  in  being  hollow. 
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There  are  great  variations  in  the  relative  Hize  of  the    head   and  the 

vesicle  of    Qyaticerci.      In  itome   forms   the 

vesicle  1b  very  small  (fig.  98),  e.  g.  Cytticereus 

limaciK;  it  is  medium-sised  in  C ijsiicerefts  eellu- 

losa  (fig.  97),  and  in  some  forms  is  much  larger. 

The  embryonic  hooks,  when  they  persist,  are 

found  at  the  junction  of  the  trunk  and  the 

vesicle  (Kg.  98  A,  e).      Though  the  majority 

of  cystic  worms  only  develope  one  head,  this 

is  not  invariably  the  case.     There  is  a  cystic 

worm  found  iu  the  brain  of  the  sheep  known 

_  as   Casnuru*  cerebralut — the   larva  of    7'mtut 

eostWTiit,  parasitic  in  the  intestine  of  the  dog 

Fm.  93.    Ctsticihchb  with     —which    forms   an    exception   to  this    rule. 

SMALL  ciuru.  vEsicL«.  Thcrc  appears,  t«  start  with,  a  tuft  of  three 

n    A    ^!!i  »>TOlul«d.      B-     or  four  heads,  and  finally  many  hundred  heads 

Head  everted.  ,      ,       7  m     na  t^i     rri  j 

a.  aeolei.  ft.  caailal  vesicle.     ">*  developed  (fig.  96  D).    They  are  arranged 

r.  (ia  A)  six  embfyonie  hooka.       in  group  at  one  (the  ant«riiM-})  pole  of  the 

A  still  more  complicated  form  of  cystic  worm  is  that  known  as  Echino- 
coccus,  parasitic  in  the  liver,  lungs,  etc.  of  man  and  varioua  domestic  Un- 
giilata.  In  the  adult  state  it  is  known  aa  Tama  eehinoeiMxtit  and  infests 
the  intestine  of  the  dog.  The  cystic  worm  developed  from  the  six-hooked 
i^mbryo  has  usually  a  spherical  form,  aud  ia  invested  in  a  very  thick  cuticle 
(fig.  96  E  and  F,  and  fig,  99).  It  does  not  itself  directly  give  rise  to  Tienia 
heads,  but  after  it  reaches  a  certain  siie  there  are  formed  on  the  inner 
side  of  its  walls  small  protuberances,  which  soon  grow  out  into  vesicles 
connected  with  the  walls  of  thecyat  by  narrow  stalks  (figs.  96  F  and  99  C). 
In  the  int«rior  of  these  vesicles  a  cuticle  is  develo]>ed.  It  is  in  these 
secondary  vesicles  that  the  heads  originat«.  According  to  Leiickart,  they 
either  arise  as  outgrowths  of  the  wall  of  the  vesicle  on  the  inner  face 
of  which  the  armature  is  developed,  which  subsequently  become  involuted 
and  remain  attached  to  the  wall  of  the  vesicle  by  a  narrow  stalk,  or  they 
arise  from  the  firat  as  papilliform  projections  into  the  lumen  of  the  vesicle, 
on  the  outer  side  of  which  the  armature  is  formed.  Recent  observers  only 
admit  the  second  of  these  modes  of  development.  The  Echinococcus  larva, 
in  addition  to  giving  rise  to  the  above  head-producing  vesicles,  also  gives 
rise  by  budding  to  &eah  cysts,  which  resemble  in  all  respects  the  parent 
cyst.  These  cysts  may  either  bo  detached  in  the  interior  (fig.  96  F)  of 
the  parent  or  externally.  They  apjiejir  to  spring  in  most  cases  from  the 
walla  of  the  parent  cyst,  but  there  are  some  discrepancies  l>etween  the 
various  accounts  of  the  process.  In  the  cysts  of  the  second  generation 
vesicles  are  produced  in  which  new  beads  are  foi'nied.  As  the  primitive 
cyst  grows,  it  naturally  becomes  more  and  more  complicated,  and  the  num- 
ber of  heads  to  which  one  lai'va  may  give  riae  becomes  in  this  way  almost 

Cyaticerci  may  remain  a  long  time  witliout  further  development, 
and  human  beings  have  been  known  to  be  infested  with  an  Echino- 
coccus cyst  for  over  thirty  years.  When  however  the  Cysticercns 
with  its  head  ia  fnlly  developed,  it  is  in  a  condition  ti>  be  carried  intrt 
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its  final  host.  This  takes  placo  by  the  part  nf  one  animal  infested 
with  cysticerci  becoming  eaten  by  the 
host  in  question.  In  tiie  alimentary 
canal  of  the  final  host  the  connective- 
tissue  capsule  is  digusted,  and  then  the 
vesicular  caudal  appendage  undeTgoes 
the  same  fate,  while  the  head,  with  its 
suckers  and  hooks,  attaches  itself  to 
the  walla  of  the  intestine.  The  head 
and  rudimentary  trunk,  which  have 
been  up  to  tills  time  hollow,  now  be- 
come solid  by  the  deposition  of  an 
axial  tissue;  and  the  trunk  very  soon 
becomes  divided  into  segments,  known 
as  proglottides  (fig.  99  a).  These  seg- 
ments are  not  formed  in  the  same  suc- 
cession as  those  of  Cbrotopods;  the 
youngest  of  them  is  that  nearest  to  the 
heail,  and  the  oldest  thiit  furthest  re- 
moved from  it.  Each  segment  appears 
in  fact  to  be  a  sexual  individual,  and 
is  capable  of  becoming  detached  and 
leading  for  some  time  an  independent 
existence.  In  some  cases,  e.  jr.  Ct/sti- 
cercus  faaciolaria,  the  segmentation  of 
the  trunk  may  take  place  while  the 
larva  is  still  in  its  intermediate  host. 

The  stages  in  the  evolution  of  the 
Cestoda  are  shortly  as  fuilowM : 

1.   Stage  with  embryonic  epidermis 
either   ciliated  (Bothriocephalus,  etc.) 
or  still  enclosed  in  the  egg-shell.     This 
stage  corresponds  to  the  dilated  larval  st^e  of  the  Trematotla. 

2.  Bix-hooked  embryonic  stage  after  the  embryonic  epidermis  has 
been  thrown  off,  During  this  stage  the  embryo  is  transported  into  the 
alimentary  tract  of  its  intermediate  host,  and  boring  its  way  into  the 
tissues,  becomes  enoapsulcd. 

a.  It  develops  during  the  cncapsuled  state  into  a  cystic  worm, 
btjuivalent  to  the  sporocyst  of  Trematoda. 

4.  The  cystic  worm  while  still  encapsuled  develops  a  head  with 
suckers  and  hooks,  becoming  u  Oysticercus.  In  some  forms  ( Ccenurvs, 
Schinococcua)  reproduction  by  budding  takes  place  at  this  stage. 
The  head  and  trunk  are  known  as  the  scolex. 

5.  The  Cysticercus  is  transported  into  tiie  second  and  permanent 
host  by  the  infested  tissne  being  eaten.  The  bladder-like  remains 
of  the  cystic  worm  axe  then  digested,  and  by  a  process  of  succettsive 
buddiug  a  chain  of  sexual  proglottides  are  formed  from  the  head, 
which  remains  oscxuaL 


Pin.  gg.      EcKIHOCCXIOIta  TKTK»- 

Hoavu.     (FromUuilef.) 

A.  renia  head  or  ROolei.  a. 
hooks,  i.  auckPts.  e.  eil'tm  in 
water  veBHal.  d.  rehlKtiiig  parti, 
elea  in  bodj  wail. 

B.  siDRle  hooVs. 

C.  poTtioa  of  cfBt,  a.  oulicls. 
b,  membiuiona  wall  o(  primary 
ejrsL  e.  and  t.  soolex  beads,  d. 
■ecoudat;  aytt. 
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A. 


Fio.  99  A.    Tktrabhtncus.    (From  Ge- 
genbaar;  after  Van  Beneden.) 

A.  Asexual  state. 

B.  Sexual  stage  with  ripe  proglottides. 


The  above  development  is  to 
be  regarded  as  a  case  of  com- 
plicated metamorphosis  second- 
arily produced  by  the  necessities 
of  a  parasitic  condition,  to  which 
an  alternation  of  sexual  and  gem- 
mi  parous  generations  has  been 
added.  The  alternation  of  gene- 
rations only  occurs  at  the  last 
stage  of  the  development,  when 
the  so-called  head,  without  gene- 
rative organs,  produces  by  bud- 
ding a  chain  of  sexual  forms,  the 
embryos  of  which,  after  passing 
through  a  complicated  metamorphosis,  again  become  Cestode  heads. 

In  the  case  of  Cccnurus  and  Echinococcus  two  or  more  asexual 
generations  are  interpolated  between  the  sexual  ones.  It  is  not  quite 
clear  whether  the  production  of  the  Tainia  head  from  the  cystic  worm 
may  not  be  regarded  as  a  case  of  budding.  There  are  some  grounds  for 
comparing  the  scolex  to  the  Cercaria  of  Trematodes,  cf.  Archigetes. 

As  might  be  anticipated  from  the  character  of  the  Cestode  metamor- 
phosis, the  two  hosts  required  for  the  development  are  usually  forms  so 
related  that  the  final  host  feeds  upon  the  intermediate  host.  As  familiar 
examples  of  this  may  be  cited  the  pig,  the  muscles  of  which  may  be 
infested  by  Cyaticerciis  ceUuIoaeTf  which  becomes  the  Tcetiia  solium  of 
man.  Similarly  a  Cysticercus  infesting  the  muscles  of  the  ox  becomes  the 
Tcenia  mediocaneUata  of  man.  The  Cyaticerciis  piaciformis  of  the  rabbit 
becomes  the  Taenia  serrata  of  the  dog.  The  CcRnurus  cerebrcUis  of  the 
sheep's  brain  becomes  the  Tcenia  coBnurus  of  the  dog.  The  Echinococcus  of 
man  and  the  domestic  herbivores  becomes  the  Tcenia  echinococcus  of  the 
dog. 

Cystic  worms  infest  not  only  Mammalian  forms,  but  lower  Vertebrates, 
various  fishes  which  form  the  food  of  other  fishes,  and  Invertebrates  liable 
to  be  preyed  on  by  vertebrate  hosts.  So  far  the  Cestodes  (except  Archi- 
getes) are  only  known  to  attain  sexual  maturity  in  the  alimentary  tracts  of 
Vertebrata. 

The  rule  that  the  intermediate  host  is  not  the  same  as  the  final  host  does 
not  appear  to  be  without  exception.  Kedon'  has  shewn  by  experiments 
on  himself  that  a  Cysticercus  (celliUosce)  taken  from  a  human  subject 
develoiKis  into  Tcniia  solium  in  the  intestines  of  a  man.  Kedon  took 
four  cysts  of  a  Cysticercus  from  a  human  subject,  and  after  three 
months  i)assed  some  proglottides,  and  subsequently  the  head  of  Tcenia 
solium. 

Some  important  variations  of  the  typical  development  are  known. 

The  so-called  hea<l  or  scolex  may  be  formed  without  the  intervention 
of  a  cystic  stage.  In  Archigetes  (Leuckart,  No.  227),  which  infests,  in 
the  Cysticercus  condition,  the  body-cavity  of  various  invertebrate  forms 
(Tubifex,  etc.)^  the  six-hooked  embryo  becomes  elongated  and  divided  into 
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two  sectioiiH,  one  forming  the  heail,  while  the  other,  witli  the  tux  emhryonic 
hooks,  fomiM  an  appendage,  homologous  with  the  caudal  vesicle  of  other 
Cysticerci. 

The  embryo  of  Tcenia  ellijHica  similarly  gives  rise  to  a  Oysticercus 
infesting  the  dog-louse  {TrieJuHfecUs  cdnis),  without  {jassi ng  through  a 
vesicular  condition  ;  but  the  caudal  vesicle  disappears,  so  tliat  it  forms 
simply  a  scolex.  Tliese  cases  may,  it  appears  to  me,  be  prol>ably  regarded 
as  more  primitive  than  the  ordinary  ones,  where  the  cystic  condition  has 
become  exaggerated  as  an  effect  of  a  parasitic  life. 

In  some  cases  tlie  larva  of  a  Taenia  has  a  free  existence  in  the  scolex 
condition.  Such  a  form,  the  larva  of  Phyllobothrium,  has  been  observed  by 
ClaiiarMe^  It  was  not  ciliated,  and  was  without  a  caudal  vesicle;  and 
was  no  doubt  actively  migrating  from  an  intermediate  host  to  its  permanent 
host 

Scolex  forms,  without  a  caudal  vesicle,  are  found  in  the  mantle  cavity 
of  Cephalopoda,  and  ap|)ear  to  bo  occupying  an  intermediate  host  in  tlieir 
passage  from  the  host  of  the  cystic  worm  to  that  of  the  sexual  form. 

Archigetes,  already  mentioned,  has  l)een  shewn  l>y  Leuckart  (No.  227) 
to  become  sexually  mature  in  the  Oysticercus  state,  and  thus  affords  an 
interesting  example  of  pcedogeuesia  It  is  not  known  for  certain  whether 
under  normal  circumstances  it  reaches  the  mature  state  in  another  host. 

Aniphtlina.  Tlie  eai'ly  stages  of  this  interesting  form  have  been 
investigated  by  Salensky  (No.  229),  and  exhibit  clear  affinities  to  those  of 
the  true  Cestoda.  An  embryonic  provisional  skin  is  formed  as  in  Cestodes ; 
and  pole-cells  also  appear.  Within  the  provisional  skin  is  formed  an 
embiyo  with  ten  hooks.  After  hatching  the  provisional  skin  is  at  once 
thrown  ofl^  and  the  larva,  which  is  tlien  covered  by  a  layer  of  very 
fine  cilia,  liecomes  free.     Tlie  furtber  metamorphosis  is  not  known. 
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CHAPTER   VIII. 


ROTIFERA. 


For  many  reasous  a  complete  knowledge  of  the  ontogeny  of  the 
Botifera  is  desirable.  They  constitute  a  group  which  retam  in  the 
trochal  disc  an  organ  common  to  the  embryos  of  many  other  groups, 
but  which  in  most  other  instances  is  lost  in  the  adult  state.  In 
the  character  of  the  excretory  organs  they  exhibit  affinities  with 
the  Phityelminthes,  while  in  other  respects  they  possibly  approach 
the  Arthropoda  {e.g,  Pedalion  ?).  '  The  interesting  IVochosphcera 
cequatorialis  of  Semper  closely  resembles  a  monotrochal  polychaetous 
larva. 

Up  to  the  present  time  our  enibryological  knowledge  is  mainly 
confined  to  a  series  of  observations  by  Salensky  on  Brachionus 
urceolaris,  and  to  scattered  statements  on  other  larval  forms  by 
Huxley,  etc. 

In  many  cases  Rotifers  lay  summer  and  winter  eggs  of  a  different 
character.  The  former  are  always  provided  with  a  thin  membrane, 
and  frequently  undergo  development  within  the  oviduct.  They  are 
hatched  in  the  autumn.  The  winter  eggs  are  always  provided  with  a 
thick  shell. 

The  summer  eggs  are  of  two  kinds,  viz.  smaller  eggs  which 
become  males,  and  larger,  females.  On  the  authority  of  Cohn 
(No.  232)  they  are  believed  to  devclope  parthenogenetically.  Males 
are  not  found  in  summer,  and  only  seem  to  be  produced  from  the 
summer  eggs.  Cohn  s  observations,  especially  on  Conochilua  volvox, 
are  however  not  quite  satisfactory.  Huxley  (No.  234)  came  to  the 
conclusion  that  the  winter  eggs  of  Lacinularia  developed  without 
previous  fertilization. 

The  following  are  the  more  important  results  of  Salcnsky's  ob- 
servations (No.  236)  on  Brachionus  urceolai^. 

The  ovum  is  attached  by  a  short  stalk  to  the  hind  end  o(  the 
body  of  the  female,  in  which  position  it  undergoes  its  development. 
It  will  be  convenient  to  treat  separately  the  development  of  the 
female  and  male,  and  to  commence  with  the  former.     The  female 
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uviim  (lividtis  into  two  unequal  spheres,  of  which  the  smaller  in  the 
snbsoqueiit stageB  segments  more  rapidly  than  the  liu-gcr.  The  see- 
mentation  ends  with  the  formation  of  an  cpitxjlic  gaatrula.  The  solid 
inner  iiiass  of  cells  derive<i  from  the  larger  sphere  constitutes  the 
hypoblast,  and  is  muro  gnmulaj-  tlian  the  epiblast.  The  evolution 
of  the  embryo  commences  with  the  formation  of  a  depression  ou 
tho  ventral  surface,  at  the  bottom  uf  which  the  stomodu^iim  is  formed 
hy  an  invagination.  At  the  hinder  part  of  the  depression  there  rises 
up  a  rounded  [xvtuberance  which  eventually  becomes  the  caudal 
appendage  or  foot.  Immediately  behind  the  mouth  is  formed  an 
under!  ip. 

On  the  sides  uf  thu  ventral  depression  aro  two  ridges  which  form 
the  lateral  boundaries  of  the  trochal  disc.  They  appear  to  unite 
with  tho  under  lip. 

In  a  later  stage  the  anterior  part  of  the  body  becomes  marked 
off  from  the  posterior  as  a  pnuoral  lobe,  and  the  hypoblast  is  at  the 
Bomo  time  confined  to  the  posterior  part  The  supra-ceaopbageol 
gangliiin  is  early  fonned  aa  an  epiblaatic  thickening  un  tlie  dorsal 
side  of  tho  pneoral  lobe. 

Tho  first  cilia  to  appear  arise  at  the  apex  of  the  pni>oral  lobe. 
At  a  later  period  the  lateral  ridgca 
Ir  of  the  trochal  disc  meet  dorwlly 

and  80  enclose  the  piu'oral  loba 
They  then  become  coated  by  a 
ling  of  cilia,  to  which  a  second 
ring,  completing  tho  double  ring 
of  the  adult,  is  added  hiter. 

In  the  trunk  an  indication  of  a 
divitiiun  into  two  segments  mnk<^H 
its  appearance  shortly  after  tho 
development  of  the  pmrorul  lobe, 
liefore  this  period  the  procto- 
(launi  is  established  as  a  shallow 
pit  immediately  behind  the  in- 
sertion of  the  foot  The  latter 
structure  soon  becomes  pointed 
and  forked  (fie.  lUO,  ()■ 

Tlic  complute  establishment  of 

the  alimetiluiy  canal  occurs  kto. 

ui.  laionj    Tliy  atumoda-uMi  (tig.  lUO)  gives 


Fiit.   100.      EiniKTn    uf    Jtiuciiioi 


(After  SalcuHk.T.) 

m.  niuath ;  aw.  maaticator?  B]>)iaT*ti 


twW  cli«c:  ..J.  buiw».u''m.|Ji.««1  ,;«»:     ■"'»«  to  the  mouth  (»«).  a-s.>phagus 
Klivu.  anil  masticatory   apparatus  [uta). 

The  iiieHeiiteroii  is  formed  from 
tlic  median  part  of  the  hypoblast ;  the  lateral  iwrts  of  which  appear 
III  givf  rixr  to  the  great  lateral  glandular  structures  (Id)  which  open 
into  thf  )tt<>niju-h,  iiiid  to  the  ovaricH  f?)  (op)  etc.  The  proi-todu-uin 
lM>(-<imi's  the  cliiiica  and  nuns  {an).  The  origin  of  the  iiicsoblast  is 
not  certainly  known.     The  sht-ll  is  formed  liefore  the  lurva  is  hatched 
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— an  occurrence  which  does  not  take  place  till  the  larva  closely 
resemblcf}  the  adult. 

The  early  developmental  stages  of  the  male  are  closely  similar 
to  those  of  the  female ;  and  the  chief  diiference  between  the  two 
appears  to  consist  in  the  development  of  the  male  being  arrested 
at  a  certain  point 

The  larvaj  of  Lacinularia  (Huxley,  No.  234)  are  provided  with 
a  prseoral  circlet  of  cilia  containing  two  eye-spots',  and  a  perianal 
patch  of  cilia.  They  closely  resemble  some  telotrochal  polychsBtous 
larv». 

Salensky  has  compared  the  larva  of  Brachionus  to  that  of  a 
cephalophorous  Mollusc,  more  especially  to  the  larva  of  Calyptrsea 
on  which  he  has  made  important  observations.  The  prseoral  lobe, 
with  the  ciliated  band,  no  doubt  admits  of  a  comparison  with  the 
velum  of  the  larva  of  Molluscs;  but  it  does  so  equally,  as  was 
first  pointed  out  by  Huxley,  with  the  ciliated  praeoral  lobe  of  the 
larva)  of  many  Vermes.  It  further  deserves  to  be  noted  that  the 
trochal  disc  of  a  Rotifer  differs  from  the  velum  of  a  Mollusc  in  that 
the  eyes  and  ganglia  are  placed  dorsally  to  it,  and  not,  as  in  the 
velum  of  a  Mollusc,  within  it.  The  larva  of  Lacinularia  appears  to 
be  an  exception  to  this,  since  two  eye-spots  are  stated  to  lie  within 
the  circlet  of  cilia.  More  important  in  the  comparison  is  the 
so-called  foot  (tail),  wliich  arises  in  the  embryo  as  a  prominence 
between  the  mouth  and  anus,  and  in  this  respect  exactly  corresponds 
with  the  MoUuscan  foot. 

If  Salensky's  comparison  is  correct,  and  there  is  something  to 
be  said  for  it,  the  foot  or  tail  of  Rotifers  is  not  a  post-anal  portion 
of  the  trunk,  but  a  ventral  appendage,  and  the  segmentation  which 
it  frequently  exhibits  is  not  to  be  compared  with  a  true  segmen- 
tation of  the  trunk.  If  the  Rotifers,  as  seems  not  impossible,  exhibit 
crustacean  affinities,  the  'foot'  may  perhaps  be  best  compared  with 
the  peculiar  ventral  spine  of  the  Nauplius  larva  of  Lepas  fasdcularis 
(vide  Chapter  on  Crustacea)  which  in  the  arrangement  of  its  spines 
and  other  points  also  exhibits  a  kind  of  segmentation. 
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MOLLUSCA\ 

Although  the  majority  of  important  developmental  features  are 
common  to  the  whole  of  the  MoUusca,  yet  at  the  same  time  many 
of  tlie  subdivisions  have  well-marked  larval  types  of  their  own.  It 
will  for  this  reason  be  convenient  in  consideriug  the  larval  characters 
to  deal  successively  with  the  diiferent  subdivisions,  but  to  take  the 
whole  group  at  once  in  considering  the  development  of  the  organs. 

FomuUion  of  the  Uiyera  and  larval  characters, 

Odontophora. 

Oasteropoda  and  Pteropoda.  There  is  a  very  close  agreement 
amongst  the  Gasteropoda  and  Pteropoda  in  the  general  characters  of 
the  larva ;  but  owing  to  the  fact  that  the  eggs  of  the  various  species 
differ  immensely  as  to  the  amount  of  food-yolk,  considerable  differ* 
ences  obtain  in  tlie  mode  of  formation  of  the  layers  and  of  the 
alimentary  tract 

>  The  cUsfiification  of  the  MoUusca  adopted  in  the  present  chapter  is  shewn  in  the 
■abjoined  table: 

I.    ODONTOPHORA.  H.    LAMELLIBRANCHIATA. 

1.    Gasteropoda.  a.     Dimya. 

a.    ProBobranchiata.  h,    Monomya. 

h,    OpiKthobranchiata. 

c.  Pulmonata. 

d,  Hcteropoda. 

*^.    Pteropoda. 

a,  (tymnosomata. 

b,  Thecosomata. 

3.  Cephalopoda. 

a .    Tetrabranchiata . 
fr.     Dibrancliiata. 

4.  Polyplacophonu 
^-    Scaphopoda. 
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Tlie  spheres  at  a  very  early  stage  of  segmoatation'  become  divided 
into  two  categories,  ooe  of  tliem  destined  to  give  rise  mainly  to  the 
hypoblast,  the  other  mainly  to  the  epiblast.  According  as  there  is 
much  or  Uttle  food-ytJk  the  hypoblast  apherea  are  either  very  bulky 
or  the  reverflo.  In  all  cases  the  epiblast  cells  lie  at  one  pole,  which 
may  be  called  the  formative  pole,  and  the  hypoblast  cells  at  the 
opposite  pole.  When  the  bulk  of  the  food-yolk  is  very  great,  the 
number  of  hypoWast  spheres  is  small.  Thus  in  Aplysia  there  are  only 
two  such  spheres.  In  other  cases,  where  there  is  but  little  food-yolk, 
they  may  be  neM-ly  as  nuraeroua  as  the  epiblast  cells.  In  all  these 
cases,  however,  as  was  tirst  ahewD  by  Lankester  and  Selenka,  a  gas- 
trula  becomes  formed  either  by  normal  invagiuation  as  in  the  case  of 
Paludina  (fig.  107),  or  by  epibole  aa  in  Nasm  vtutabilia  (fig.  105).  In 
both  cases  the  hypoblast  becomes  completely  enclosed  by  the  epiblast. 
Tlie  blastopore  is  always  situated  oppogite  the  original  Jbnnative  pole. 
In  the  large  majority  of  cases  (i.e.  Marine  Gasteropoda,  Heteropoda, 
and  Pteropoda)  the  blastopore  becomes  gradually  narrowed  to  a 
cireular  opening  which  eventually  occupies  the  position  of  the  mouth. 
It  either  closes  or  remains  permanently  open  at  this  point.  In  some 
cases  the  blastopore  remains  permanently  open  and  becomoa  the 
anus.  The  beat  authenticated  instance  of  this  is  Paludimi  vivipara, 
as  was  first  shewn  by  Lankester  (No.  263). 

In  some  instances  the  blastopore  assumes  before  closing  a  very 
narrow  sUt-like  form,  and  would  seem  to  extend  along  the  future 
ventral  regioa  of  the  body  from  the  mouth  to  the  anus.  This  appears, 
according  to  Lankester  (No.  262),  to  be  the  condition  in  Lymni:eus, 
but  while  Lankester  believes  that  the  closure  proceeds  from  the  oral 
towards  the  anal  extremity,  other  inveatigatora  hold  that  it  does  so 
in  the  reverse  direction.  Fol  (No.  249)  has  also  described  a  similar 
type  of  blastopore.  In  an  undetermined  marine  Gasteropod,  with  an 
embolic  gastrula,  obsei-ved  by  myself  at  Valparaiso,  the  blastopore  had 
the  same  elongated  form  as  iu  Lymnseus,  but  the  whole  ol  it  soon 
became  closed  except  the  oral  extremity;  but  whether  this  finally 
closed  could  not  be  determined.  It  is  probable  that  the  typical  form 
of  the  blastopore  is  the  elongated  form  observed  by  Lankester  and 
myself,  in  which  an  unclosed  portion  can  indifferently  remain  at 
either  extremity ;  and  that  from  this  primitive  condition  the 
various  modifications  above  described  have  been  derived*. 

Before  the  blastopore  closes  or  becomes  converted  into  the  oral 
or  anal  aperture,  a  number  of  very  important  embryonic  organs 
make  their  appearance;  but  before  describing  these  it  will  be  con- 
venient to  state  what  is  known  with  reference  to  the  third  embryonic 
layer  or  mesoblaat. 

This  layer  generally  originates  in  a  number  of  cells  at  the  lips  of 

'  The  readoT  is  refeirod  for  the  Eognicntatioti  to  pp.  60 — 83,  and  to  the  speoiil 
deacriptjon  of  aeparnte  types. 

'  Rnbl  (No.  ]68)  dcBcHbea  a  blnatopuii!  of  tbm  (urtu  iu  Planorbis  which  cIob^b  at  the 
noDtb. 
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the  blastopore,  which  then  gradually  make  their  way  dorsalwitnts  autl 
forwards,  and  fomi  a  complete  layer  between  the  epihiast  aiiil 
hypoblast.  The  above  general  mode  of  formation  of  the  mesoblaat 
may  be  seen  in  fig,  11)7,  representing  three  stages  in  the  develop- 
ment of  Paludina. 

In  some  cases  the  mesoblast  arises  from  certain  of  the  segmenta- 
tion spheres  intcnnectiate  in  size  between  the  epiblast  and  hypoblast 
spheres.  This  is  the  case  in  NofSsa  miitainlis,  whore  the  mesoblast 
appears  when  the  epiblast  only  forms  a  very  small  cap  at  the  fonna- 
tive  pole  of  the  ovum ;  and  in  this  case  the  mesoblast  cells  aoconipaDy 
the  epiblast  cells  in  tlieir  growth  over  the  hypublast  (fig.  105). 

In  other  cases  the  exact  derivation  of  the  mesoblast  cells  is  quite 
uncertain.  The  evidence  is  perhaps  in  favour  of  their  originating 
from  the  hyiKibUst.  It  is  also  uncertain  whether  the  mesoblaat  ia 
bilaterally  symmetrical  at  the  time  of  its  origin.  It  is  stated  by 
Rabl  to  be  so  in  Lymnceus'. 

In  the  case  of  Paludina  the  mesoblast  becomes  two  layers  thick, 
and  then  splits  into  a  splanchnic  and  somatic  layer,  of  which  the 
former  attaches  itself  to  tiie  hypoblast,  and  gives  rise  to  the  muscular 
and  connective-tissue  wall  of  the  alimentary  tract,  and  the  latter 
attaches  itself  to  the  epiblast,  and  forms  the  muscular  and  connective- 
tissue  wall  of  the  Inxly  and  other  structures.  The  two  layers  remaia 
connected  by  protoplasmic  strands,  and  the  space  between  them 
forms  the  body  cavity  (Hg.  107).  In  most  instances  there  would 
appear  to  be  at  first  no  such  definite  spUtting  of  the  mesoblast,  but 
the  layer  has  the  form  of  a  scattei'ed  network  of  cells  between  the 
epiblast  and  the  hypoblast  Finally  certain  of  the  cells  form  a 
definite  layer  over  the  walls  of  the  alimentary  canal,  and  constitute 
the  splanchnic  mesoblast,  and  the  remaining  cells  constitute  the 
somatic  mesoblast. 

We  must  now  return  to  the  embryo  at  the  time  when  the  blastopore 
is  becoming  narrowed.  First  of  all  it  will  be  necessary  to  define  the 
terms  to  be  applied  to  the  various  regions  of  the  body — and  these 
will  best  be  imderstood  by  taking  a  fully  formed  larva  such  as  that 
rupresentet)  in  tig.  101.  The  ventral  surface  1  consider  to  bo  that 
comprised  between  the  mouth  {iii)  and  the  anus,  which  is  very  nearly 


'  Rubl  (N'o,  i6S)  has  quite  reeectly  tnven  a  more  detailed  occonnt  than  preTiong 
rAm^nen  at  the  origiD  of  the  mesohlatit  in  PlaQorbi*.  He  flDds  thai  it  origiiutca 
from  the  poftcriat  one  of  tbe  four  large  oi'lU  wbicli  remain  diittiiict  throngliont  tba 
■catnentaUoii.  It;  tbo  diTinon  ol  this  cell  two  'meeoblastH'  oro  formed,  nne  on  each 
Ride  of  the  miildlo  line  at  tbe  hinder  end  ot  the  enib^o.  Each  of  these  again  diridea 
into  two,  an  antRior  aiid  a  pnetoriur.  By  the  divieion  of  tbe  meioblaitg  there  ariae 
two  linear  rocRoriueiHil<lB<liooel]>— tbemeeoblAstic  bands — which  are  diiHitrd  forwards 
an<I  divided  transrenely  into  two  parts,  an  auturior  continued  from  Ihe  front  mcaohlaat, 
and  a  posterior  from  the  hinder  mnoblaHl. 

If  Babl's  acoonnt  U  oonert,  there  it  a  atriking  iimilaritj  between  the  orij^in  of  the 
meaobLut  in  UoUudm  and  in  Chctopoda.  It  appears  to  tae  T017  probable  that  111* 
meMiblaatie  bands  we  formed  (as  in  Jinmbricus)  not  only  bma  the  products  of  Iha 
diviiion  of  the  mcaobUata,  bat  also  bom  cella  boddcd  oft  from  one  or  both  of  (Iw 
pritnai7  geminal  lifers. 
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Fin.  101.  DuoBAM  n?  an  etutiiio  of  Plkubo- 
RnANCBiDiiiii.    {From  Lankestei.) 

/.  foot;  o(.  otocjBt;  m.  month;  v.  velam; 
HIT.  nerve  piui);Unt];  ry.  remda&l  yolk  aphereti 
tht.  aboll-elaDd;  ■'.  ioteEtilie. 


in  tlie  position  (i)  in  the  figure.     As  a  great,  protuberance  on  tho 

ventral  surface   is  placeii 

the  foot/,     Tbe  long  axis 

of  tiie  liody,  at  this  perioii 

thougli  not  necessarily  in 

the  adtilt,  is  that  pnssing 

through    the    mouth    and 

the     shell-gland      {shs.) : 

while  the  dorsal  surface  is 

that  opposite  tho  ventral 

as  already  defined. 

Before  the  blastopore 
has  attained  its  final  con- 
dition three  organs  make 
their  appearance,  which 
are  eminently  character- 
istic of  the  typical  inol- 
luscan  larra.  These  organs 
are  (1)  the  velum,  (2)  the 
shell-gland,  <3)  the  foot 

The  velum  is  a  pro- 
visionallarvai  organ,  which 
baa  the  form  of  a  pr^oral  ring  of  cilia,  supported  by  a  ridge  of 
cells,  often  in  the  form  of  a  double  row,  the  ventral  end  of  which 
lies  immediately  dorsal  to  the  mouth.  Its  typical  position  is  shewn 
in  fig.  101,  V.  There  are  considerable  variations  in  its  mode  and 
extent  of  development  etc.,  but  there  is  no  reason  to  think  that  it 
is  entirely  absent  in  any  group  of  Gasteropoda  or  Pteropoda.  In  a  few 
individual  instances,  especially  amongst  viviparous  forma  and  land 
Pulmonata,  it  has  been  stated  to  be  absent.  Semper  (No.  274)  failed 
to  find  it  in  Vitrina,  Bulimus  citrinus,  Va«inulu8  luzonicus,  and 
Faludina  costat^i.     It  is  very  probably  absent  m  Helin,  etc. 

In  some  cases,  e.ij.  Limax  (Oegenbaur),  Neritina  (Claparfede), 
Pterotrachffia  (Gegenbaur).  the  larva  is  stated  to  be  coated  by  an  uni- 
form covering  of  cilia  before  the  formation  of  the  velum,  but  the 
researches  of  Fol  have  thrown  very  considerable  doubt  on  these  state- 
ments. In  some  cases  amongst  the  Nudi branch iata  (H&ddon)  and 
Pteropoda  there  are  one  or  two  long  cilia  in  the  middle  of  the  velar 
area.  In  many  Nudibrancbiata  (Haddon)  there  is  present  a  more  or 
leas  complete  post-oral  ring  of  small  cilia,  which  belongs  to  the  velunj. 

The  cilia  on  the  velum  cause  a  rotation  of  the  larva  within  the 
e^  capsule.  Cilia  are  in  most  cases  (Paludina,  etc.)  developed  on 
the  foot  and  on  a  small  anal  area. 

The  shell-gland  arises  as  an  epiblastic  thickening  on  the  posterior 
and  dorsal  side.  In  this  thickening  a  deep  invagination  (fig,  101,  eha) 
ifi  soon  formed,  in  which  a  chitinous  plug  may  become  developed 
(Paludina,  Cymbulia  %  etc.),  and  in  abnormal  larvfe  such  a  chitinona 
plug  is  generally  formed. 
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The  foot  is  a  simple  promiaence  of  epiblast  on  the  ventral  surface, 
in  the  cavity  of  which  there  are  usually  a  number  of  incsoblast  cells 
(fig.  lOi,  /),  The  larval  form  just  describL'ti  has  been  Qamed  by 
Luikester  the  trochosphere  larva. 

Before  considering  the  further  external  changes  which  the  larva 
undergoes,  it  will  be  well  to  complete  the  histury  of  the  iuvagi[int4Ml 
hypoblast. 

The  hypoblast  has  after  its  invaginatioa  either  the  form  of  a 
sack  (fig,  102}  or  of  a  solid  mass  (tig.  101).  Whether  the  mouth  be 
the  blastopore  or  no,  the  permanent  (sso< 
phagus  is  formed  of  epiblast  cells,  bo  tliat 
the  oesophagus  and  buccal  cavity  are  always 
lined  by  epiblast.  When  the  blastopore  re- 
mains penuanently  open  the  outer  part  of 
the  OBSophagus  grows  as  a  prominent  ridge 
round  the  opening. 

The  mesenteric  sack  itself  becomes  dif- 
ferentiated into  a  stomach  adjoining  the 
ceaoph^is,  a  liver  opening  immediately 
behind  this,  and  an  intestine.  The  cells 
forming  the  hepatic  diverticula  and  some- 
times also  those  of  the  stomach  may  during 
larval  life  secrete  in  their  interior  peculiar 
albuminous  products,  similar  to  ordinary 
food -yolk. 

The  proctodseum,  except  when  it  is  the  blastopore,  arises  later 
than  the  mouth.  It  is  frequently  developed  from  a  pair  of  projecting 
epiblast  cells  symmetrically  placed  in  the  median  ventral  line  behind 
the  foot.  It  eveutually  forms  a  very  shallow  invagination  meeting 
the  intestiue.  Its  opening  is  the  anus.  The  anus,  th()Ugh  at  first 
always  symmetrical  and  ventral,  subsequently,  on  the  formation  of 
the  pallial  cavity,  opens  into  this  usually  on  the  right  and  dorsal  ^de. 
In  the  casea  where  the  hypoblast  is  not  iDvaginat«d  in  the  form 
of  a  sack  the  formation  of  the  mesenteron  is  somewhat  complicated, 
and  ia  described  in  the  sequel 

From  the  trochosphere  stage  the  larva  passes  into  what  has  been 
called  by  Lankcster  the  veliger  stage  (fig.  103),  which  is  especially 
characteristic  of  Qasteropod  and  Pteropod  Mollusca. 

The  shell-gland  (with  a  few  exceptions  to  be  spoken  of  subse- 
quently) of  the  previous  stage  flattens  out,  forming  a  disc-like  area, 
on  the  surface  of  which  a  delicate  shell  becomes  developed,  while 
Uie  epiblast  of  the  edges  of  the  disc  becomes  thickened.  The 
disc-like  area  is  the  mantle.  The  edge  of  the  area  and  with  it  the 
shell  now  rapidly  extend,  especially  in  a  dorsal  direction.  Up  to  this 
time  the  embryo  has  been  symmetrical,  but  in  most  Gasteropoda  the 
shell  and  mantle  extend  very  much  more  towards  the  left  than  to- 
wards the  right  side,  and  a  commencement  of  the  permanent  spiral 
shell  is  thus  produced. 


Fio.  103.      Embkto  or  a 
HiTKROFOD.     (From  Uegen- 

Ww;  after  Fol.) 

0.  mouth 
bodywwity; 

n.  foot ;  '    c 

..  «heU-glw.d. 
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The  edge  of  the  mantle  forms  a  projecting  lip  separating  the 


Fio.  108.    liABViB  OF  Cephaix)phobou8  Mollusca  in  thb  yeijoeb  stage. 

(From  Gogenbanr.) 

A.  and  B.     Earlier  and  later  stage  of  Gasteropod.    G.  Pteropod  (Gymbalia). 
V,  velum;  c.  shell;  p,  foot;  op.  operoulom;  t,  tentacle. 

dorsal  visceral  sack  from  the  head  and  foot.  An  invagination 
appears,  usually  on  the  right  in  Gasteropods,  and  eventually  extends 
to  the  dorsal  side  (fig.  103  B).  It  gives  rise  to  the  pallial  or 
branchial  cavity,  and  receives  also  the  openings  of  the  digestive, 
generative  and  urinary  organs.  In  most  Pteropods  it  is  also  formed 
to  the  right,  and  usually  eventually  extends  afterwards  towards  the 
ventral  surface  (fig.  103  C).  In  the  pallial  cavity  the  gills  are 
formed,  in  those  groups  in  which  they  are  present,  as  solid  processes 
frequently  ciliated.  They  are  coated  by  epiblast  and  contain  a  core 
of  niesoblast     They  soon  become  hollow  and  contractile. 

The  velum  in  the  more  typical  forms  loses  its  simple  circular 
form,  and  becomes  a  projecting  bilobed  organ,  which  serves  the 
larva  after  it  is  hatched  as  the  organ  of  locomotion  (fig.  103  B 
and  C).  The  extent  of  the  development  of  the  velum  varies  greatly. 
In  the  Heteropods  especially  it  becomes  very  large,  and  in  Atlanta 
it  becomes  six-lobed,  each  lateral  half  presenting  three  subdivisions. 
It  is  usually  armed  on  its  projecting  edge  with  several  rows  of  long 
cilia,  and  below  this  with  short  cilia  which  bring  food  to  the  mouth. 
It  persists  in  many  forms  for  a  very  long  period.  Within  the  area 
of  the  velum  there  appear  the  tentacles  and  eyes  (fig.  103  B). 
The  latter  are  usually  formed  at  the  base  of  the  tentacles. 

The  foot  grows  in  most  forms  to  a  very  considerable  size.  On 
its  hinder  and  dorsal  surface  is  formed  the  operculum  as  a  chitinous 
plate  which  originates  in  a  depression  lined  by  thickened  epiblast, 
much  in  the  same  way  as  the  shell  (fig.  103  B  and  C,  oji).  In 
the  typical  larval  forms  it  is  only  possible  to  distinguish  the  anterior 
flattened  surface  of  the  foot  for  locomotion  and  the  posterior  opercular 
region,  but  special  modifications  of  the  foot  are  found  in  the  Pteropods 
and  Heteropods,  which  are  described  with  those  groups.  The  foot 
very  often  becomes  richly  ciliated,  and  otic  vesicles  are  early  de- 
veloped in  it  (fig.  101,  ot). 
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All  tlie  Gasteropoda  anil  Pteropods  litivo  a.  sliGll-bearing  larval 
form  like  tliat  first  described,  with  the  exception  of  a  few  forms, 
such  aa  Limax  and  perhaps  aonie  other  Pulinonativ,  in  which  the 
fifaeU-^laud  closes  up  and  gives  rise  to  an  internal  shell. 

The  siihaequent  metamorphosis  in  the  different  groups  is  very 
various,  but  in  all  cacea  it  is  accompanied  by  the  disappearance  of  the 
velum,  though  in  some  cases  remnants  of  the  velum  may  persist  as 
the  subtentacular  lobes  (Lymnseus,  Lankester)  or  the  lip  tentacles 
(Tergipes,  Nordmann).  In  prosobranchiate  Gasteropods  the  larval 
shell  is  gradually  added  to,  and  frequently  replaced  by,  a  permanent 
shell,  though  the  free-swimming  vellgerous  larva  may  have  a  long  ex- 
istence. In  many  of  the  Opistbobranchiata  the  hirval  shell  is  lost  in 
the  adult  and  in  others  reduced.  Lankester,  who  has  especially  worked 
at  the  early  stages  of  this  group,  has  shewn  that  the  lai'vie  are  in  almost 
every  respect  identical  with  those  of  prosobranchiate  Gasteropods. 
Tliey  are  all  provided  with  a  subnautiloid  shell,  an  operculated 
foot,  etc.  The  metamorphosis  has  unfortunately  been  satisfactorily 
observed  in  but  few  instances.  In  Heternpods  and  Pteropods  the 
embryonic  shell  is  in  many  cases  lost  in  the  adult. 

The  following  sections  contain  a  special  account  of  the  develop- 
ment in  the  various  groups  of  Gasteropoda  and  Pteropoda  which  will 
complete  the  necessarily  sketchy  account  of  the  preceding  pages. 

Gasteropoda.  To  illustrut«  the  developmeat  of  the  Giast^nipoda  I 
have  given  h  detailed  description  of  two  tyjwM,  \\k.  NtxMH  mula(nlit  anil 
I'aliiilimi  vifipnra. 

Nassa  matabilis.  This  form,  the  deretopment  of  which  has  been 
very  thoroughly  worked    out   by    Bobretzky  (Na  243),  will  serve  as  an 
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Pio.  lU.    SMBKNTiTios  Of  N«K««  KrT.nu.iB.     (FroiD  Bobrcliky.) 
A.  Upper  bait  ititulad  inlo  t*u  negments.    R.   Oae  ol  thesp  bna  tamd  with  tb« 
'  lamo'  HigTn«nl.    C.  Fonr  soinll  niiil  one  biT)-e  n^ginent,  one  ol  the  fmrnsr  tbiiDi 
Um  Urge  wgmeut.      D.   Euh  ol  the  (our  acKtnenta  hai  itiven  rise  to  ■  Creah 
K,   Small  iMfrmenta  hate  increoiied  to  thirty-ail. 
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example  of  a  marine  Gaitteropod  with  a  large  fooil-yolk.  The  segmentaUDn 
hHB  already  been  described,  p.  83.  It  will  be  convenient  to  take  np  the  de- 
velopment at  a  tnte  stage  of  tlie  Hegnieutntion.  The  cmbyro  ia  then  forme<l 
of  a  cap  of  small  cells  which  may  be  spokea  o£  as  the  blastoderm  resting 
upon  four  lai^e  yolk-celU  of  which  one  ia  considerably  larger  than  the 
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FlO.  lOA.       IiDHIirriTClINAI,    R 

(After  Bolrctitk;). 

A.  Stage  vhen  the  mesoblBxt  is  cotDiD?nciDft  lo  be  Tormed. 

B.  Stage  when  the  yolk  ia  half  eucloiied.    The  hjrpoblaat  is  s«en  at  the  lips  of  the 
blaBlopore. 

C.  Stage  when  the  blairtopore  (bp)  ia  nearly  obliterated. 

D.  The  blastopore  is  dewed. 

ep.    epiblast;    mr.    meBoblant;    hy.    h}>p(iblaat;    bp.    blastopore;    in.    ioteatine; 
(t.  stomach;  /.  foot;   tg.  shell  -  (;lao  d ;   m.  mouth. 

others  (fig.  104  A).  The  small  and  the  large  cells  are  sepai'ated  by  a 
Begmentation  cavity.  The  general  featuree  at  this  stage  are  shewn  in 
fig.  105  A,  representing  a  longitudinal  aection  through  the  largest  yolk- 
cell  and  a  smaller  yolk-cell  opposite  to  it.  The  blaatoderm  is  for  the  most 
part  one  cell  thick,  but  it  will  be  noticed  that,  at  the  edge  of  the 
blastoderm  adjoining  the  largest  yolk-cell,  there  are  placed  two  cells  under- 
neath the  edge  of  the  blastodertii  {iiif).  Tht»e  cell*  are  tlie  commtTu^ement 
qftJie  Tnesobla«t.  In  the  later  stageji  of  development  the  bla£t«derm  con- 
tinues to  grow  over  the  yolk-c^iUs,  and  as  it  grows  the  three  smaller  yolk- 
oella  travel  round  the  side  of  the  largest  yolk-cell  with  it.  As  they  do 
•o  they  give  rise  to  a  layer  of  protoplasmic  cells  {fig.  105,  Ay)  which  form 
» thickened  layer  at  the  edge  of  the  blnntoderm  and  therefore  round  the 
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\\\ia  of  the  blaBtojKiK,  These  cells  form  the  hypoblaflL  The  whole  of  the; 
protopliismic  matter  of  the  yolk-o«lla  is  employed  in  the  formatioo  of  tha 
hypoblast  The  rest  of  them  remains  as  a  maaa  of  yolk.  A  longitudioal 
BBotioii  of  the  embryo  at  a  slightly  lat«r  stage,  when  the  blastopore  has 
become  quite  narrowed,  is  rejireucnted  in  fig.  105  C.  The  greater  p&rt  of 
the  doifuil  sui-face  ia  not  reprexentod. 

Two  (lelinite  organs  have  already  become  established.  One  of  these  is  a 
pit  lined  by  thickened  epiblast  on  the  posterior  and  dorsal  side  {»g).  This 
is  the  shell-gland.  The  other  ia  the  foot  (/)  which  arises  as  a  ventral 
prominence  of  thickened  epiblast  immediately  behind  the  bhistopore.  The 
hypoblast  forms  a  ring  of  columnar  cella  round  the  blastopore.  On  thn 
jiDsterior  side  its  cells  liave  bent  over  so  as  to  form  a  narrow  tube  (t»),  the 
rudiment  of  the  intestine. 

In  the  next  stage  (fig.  105  D)  the  blastopore  completely  closes,  bat  its 
position  ia  marked  by  a  shallow  pit(wi)  where  the  stomodieum  is  eventually 
formed.  The  foot  (/)  is  more  prominent,  and  on  its  hinder  border  is 
formed  the  operculum.  The  shell-gland  (not  shewn  in  the  figure)  has 
flattened  out,  and  its  thickened  borders  commence  to  extend  especially  over 
the  doraal  side  of  the  embryo.  A  delicate  shell  has  become  formed.  Id 
front  of  and  dorsal  to  the  mouth,  a,  ciliated  ring-shaped  ridge  of  celts,  which 
is  however  incomplete  dorsally,  gi^'e8  rise  to  the  velum.  On  each  side  of  the 
foot  there  appears  a  protuberance  of  epiblast  cells,  which  forma  a  provisional 
renal  organ.  The  hypoblast  now  forms  a  complete  layer  Tentrally,  bound- 
ing a  cavity  which  may  be  conveniently  spoken  of  as  the  stomach  (»t), 
which  is  open  to  the  yolk  above.  Posteriorly  however  &  completely  cloised 
intestine  is  present,  which  ends  blindly  behind  (tii). 

The  shell  and  with  it  the  mantle  grow  rapidly,  and  the  primitive 
symmetry  b  early  interfered  with  by  the  shell  extending  much  more 
towania  the  left  than  the  right.  The  anus  soon  becomes  formed  and  plttoes 
the  intestine  in  oommunicution  with  the  exterior. 

With  the  growth  of  the  shell  and  mantle  the  foot  and  the  head  become 
sharply  separated  from  the  visceral 
Back  (fig.  106).  The  cssophagus  (tn.) 
becomes  elongated.  The  eyes  and 
auditory  sacks  become  formed. 

With  furtlier  growth  the  asym- 
metry of  the  embiyo  becomes  more 
marked.  Tlie  intestine  takes  a  tnuia- 
veree  direction  to  the  right  side  of 
the  body,  and  the  anus  opens  on  the 
right  side  and  close  to  the  foot  in  (he 
mantle  caiity  which  is  formed  by  an 
epiblastic  invagination  in  tliis  region. 
The  cavity  of  the  stomach  (fig.  106, 
«()  incrcaees  enormously  and  pnasea. 
to  the  left  side  of  the  bo<ly,  pushing 
the  food-yolk  at  the  same  time  to 
the  right  side,  and  the  {>oint  where 
it  communicates  with  the  intestine 
becomes  carried  towards  the  posterior  dorsal  end  of  the  visceral  aodk. 
Tlio  walli  of  the  ttomach  gradually  extend  so  its  to  narrow  the  opening 


nvtiXMis.    (After  Bobretikj.) 
/.    tout;     n.   moDthi    et.v 
TBude;   (1.  ■tomub. 


'  to  the  yolk.  Tlie  jiait  of  it  tidjoming  the  teHojihagus  liwxjiiii's  the  true 
ittoaiach,  the  remainder  the  liver;  its  interior  is  tilled  with  coagulable fluid. 
Faladina.  Paludina — Lankester  {No,  263)  and  Biitsciili  (No.  144)— is 
a  viviparous  fomi  chnractensed  by  the  small  amount  of  food-yolk.  The 
hypoblast  and  epiblast  ceUs  are  diatinguished  very  early,  but  soon  become 
of  nearly  the  same  size. 

In  the  later  stages  of  segmentation  t!)e  epiblast  ccIIh  differ  from  Ibe 
hypoblast  cells  in  the  absence  of  pigment  The  segmentation  cavity,  if 
deve|.ii>ed,  ia  small.  A  [terfectly  regular  gastmla  is  formed  (fig.  107  A 
and  B),  which  is  preceded  by  the  embryo  assuming  a  flatt«ned  form.  The 
blastopore  is  at  first  wide,  but  gniduivlly  oHrron-s,  and  finally  assumes  a 
slightly  excentrio  position.     It  bocotiieg  not  the  moulA,  biU  tht  unut. 

When  the  blaatopoi'e  has  become  fuirly  narrow,  nieBoblast  cells  (B,  mf.) 
\  Appear  around  it,  between  tbe  epiblaafc  and  hypoblttst.     Whether  tbey  are 


F:q.  107.  Foca  btaobs  m  the  dbvelofubnt  or  Va\xxi: 
(Copied  from  Biitschli.) 
ep.  epibtut;  hij.  hypoblast;  mi.  meBoblnet;  bl.  blastofiore;  an.  anoB;  (I,  ntomo- 
;  th,  ahell-gland;  I',  yelum;  «.  primlliTe  eioretory  orgftn. 
bilaterally  arranged  or  no  is  not  clear;  and  though  coloured  like  the 
hypoblast,  their  actual  development  from  this  layer  has  not  been  followed. 
Tbe  velum  ap[)eara  about  the  same  time  as  the  niesoblast,  in  the  form  of 
a  double  ring  of  ciliated  cells  at  about  tbe  middle  of  the  body  (It  and  C,  V). 
The  mesoblast  rapidly  extends  so  as  to  occupy  the  whole  space  between 
the  epiblast  and  hypoblast,  and  at  the  same  time  becomea  divided  into  two 
layers  (C).  Shortly  afterwards  a  sfiace — the  body  cavity^appears  be- 
tween the  two  layers  (D)  which  then  attach  themselves  respectively  to  the 
epiblast  and  hypoblast,  and  constitute  the  somatic  and  splanchnic  layem  of 
racHoblast.      The  two  layera  remain  connected  by  transvenie  strands. 

1.1- 
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By  tt  change  in  the  relations  of  the  Tarious  parts  and  eBpeoially  by 
the  growth  of  the  posterior  regioD  of  the  body,  the  velum  now  occupies  a 
poBitioa  at  the  eud  of  the  bo<ly  opposite  the  blastopore.  ImmetUately 
behind  it  there  appear  two  organs,  one  on  the  dorsal  and  one  on  th« 
ventral  side.  That  on  the  dorsal  side  (»/i)  is  a  deep  pit— the  Hhell-gland — 
which  it)  continuous  with  a  layer  of  columnar  epiblost  which  ends  new  the 
anus.  The  other  organ  (»(),  situate*]  on  the  ventral  side,  is  a  eimple  de- 
pression, and  is  the  rudiment  of  the  stomodseum.  Between  it  and  the 
dorsally  placed  anus  in  a  slight  prominence — the  rudiment  of  the  foot  On 
the  two  sides  of  the  body,  between  tht;  epiblast  and  )iyi>oblant  on  a  level 
with  the  shell  gland  are  placed  two  masses  of  excretory  cells,  the  pro- 
visional kidneys  (D,  x).  These  are  probably  not  homologous  with  the 
provisional  renal  organ  of  Nassa  and  other  marine  Frosobranchiata.  At 
a  later  period  a  ciliated  cavity  appears  in  them,  which  probably  oom- 
mnuicates  with  tlie  esteiior  at  the  side  of  the  throat 

In  the  later  stages  the  foot  grows  rapidly,  and  forms  a  veiy  prominent 
mass  between  the  mouth  and  the  anus.  An  operculum  is  develoj>ed  some- 
what late  in  a  shallow  groove  lined  by  thickened  epiblast. 

A  provisional  chitinous  ping  is  formed  in  the  shell-gland  which  Boon 
becomeH  everted.  The  shell  is  formed  in  the  usual  wuy  on  the  everted 
surface  of  the  shell-gland.  Tlie  thickened  edge  of  this  part  becomes  the 
edge  of  the  mantle,  and  soon  projects  in  the  neigh Iiourliood  of  the  anus  mm 
a  marked  fold. 

With  the  rapid  growth  of  the  larva  the  invaginated  mosenteron  becomea 
relatively  reduced  in  size.  In  ita  central  part  yolk  spherules  become 
deposited,  while  the  [nrt  adjoining  the  blastopore  (anus)  becomes  elongated 
to  give  rise  to  the  intestine.  The  stomodwum  grows  greatly  in  length  and 
joins  the  doraal  part  of  the  archenterou  which  then  becomes  the  stomach. 
The  part  of  the  uesenteron  with  yolk  sjiberulefl  forms  the  liver.  With 
the  development  of  the  visceral  sack  the  anus  shifts  its  position.  It  first 
jiasses  somewhat  to  the  left,  and  is  then  carried  completely  to  the  right. 

The  development  of  Entocvndta  mirabilit  (Joh.  Mtiller,  No.  365),  a 
remarkable  Prosobranchiate  parasitic  in  the  body  cai-ity  of  Synapta,  wbicb 
in  the  adult  state  is  reduced  to  little  more  than  an  hermaphrodite  generative 
sack,  deserves  a  short  description.  It  is  viviparous,  and  the  ovum  gives 
rise  to  a  larva  which  from  the  hardly  sufficient  characters  of  the  foot  and 
shell  is  supposeil  to  be  related  to  Natica. 

There  is  nothing  very  striking  in  the  development.  The  food  yolk  is 
Hcantr.  The  velum,  as  might  be  anticipated  from  the  viviparous  develop- 
ment, is  small.  The  tenta4;les  are  placed  not  within,  but  behind  the  velar 
area.  There  is  a  natica-like  shell,  a  large  mantle- cavity,  and  a  large  two- 
lobed  foot 

In  Purpura,  Buccinum,  and  Neritina  only  one  out  of  the  many  ova 
included  in  each  egg-capsule  develops.  The  rest  atrophy  and  are  used  as 
food  by  the  one  which  devetope. 

Opisthobranohi&ta.  It  will  be  convenient  to  take  a  species  of  Pleuro- 
brancLidium  (Aplysia),  observed  by  Lankeuter  (No.  139),  as  a  type  of 
NudibranchiHte  development.  The  ovum  first  divides  into  two  segments, 
and  from  these  small  segnicnUi  are  buddtnl  off,  which  gradually  grow 
round  and  enclose  the  two  large  aegmcnla.  The  small  segments  now  form 
the  epibla»t 

At  the  abonil   j-ole  tlie  epiblast  becomes  tliickeuetl  and  invaginated  to 
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fomi  the  shell -gland,  and  shortly  afterwards  the  velum  ami  foot  are  formed 
in  the  normal  way,  and  a  stontodieiini  ap|>eaT9  close  to  the  ventral  edge  of 
the  velum  (fig.  101).  The  two  yolk  cells  (rj/)  still  remain  distinct,  but  a 
true  hyiK>bla«tic  luyer  (pfobably  derived  from  them,  though  this  has  not 
been  made  out)  soon  becomes  eatablisUed.  Prominent  cells  early  make 
their  appeuranoe  at  the  base  of  the  foot,  which  become  at  a  later  jreriod 
in^'aginated  to  form  the  aniia.  Otolithic  sacks  (of)  become  fonned  in  the 
foot,  aud  the  supmceiwphageal  ganglia  from  a  differentiation,  of  the  epiblast 
(«S)- 

At  a  later  period  the  shell-gland  becomes  evert«d,  and  a  nautiloid  shell 
develoiied.     The  alimentary  tract  becomes  conipleted,  though  the  two  yolk 

»  cells  long  retain  their  original  distinctness.     The  shell-muscle  is  develo]ted, 
And  peculiar  pigmented  bodies  are .  formed  below  the  velum.     The  foot 
becomes  prominent  and  acquires  an  operculum. 
The  metamorphosis  of  Tergipes  has  been  more  or  less  completely  worked 
out  by  Nordmann  and  by  Schultse  (No.  271). 

In  Tenjipee  Edtoardnii  worked  out  by  the  former  author,  the  larva  when 
hatched  is  provided  with  a  large  velum,  eyes,  tentacles,  an  elongated 
operculated  foot,  and  mantle.  In  the  next  stage  both  shell  and  operculum 
are  thrown  off,  and  the  body  becomes  elongated  and  pointed  behind.  Still 
later  a  pair  of  gill -processes  with  hepatic  diverticula  becomes  formed. 

Ths  velum  next  becomes  reduced,  and  two  small  proL-esses,  which  give 
^^  rise  to  the  lip  tentacles  and  a  second  pair  of  gills,  sprout  out.  An  ecdysis 
^^L  now  takes  place,  and  leads  to  further  changes  which  soon  result  in  the 
^^B  Attaittment  of  the  adult  form. 

^^"         In  Tergipei  laeiiiiUatu9,  observed  by  Schultze,  the  velum  atrophies  before 
■  the  shell  and  oi)erculum  are  thrown  off. 

PnlinOIlfll^.  The  development  of  the  fresh-water  Fulnionnta  appears 
from  Lanlieater's  observations  on  the  pond-snail  (Lymunus)  to  be  very 
similar  in  all  important  particulara  to  that  of  marine  Branchiogasteropoda, 
The  velum  is  however  less  developed  than  in  most  marine  forma,  The 
shell-gland,  etc  have  the  normal  development.  In  Lyinnieus  the  blasto- 
pore has  an  elongated  form  and  it  is  still  a  matter  of  dispute  whether  it 
closes  at  the  mouth  or  anus. 

»In  the  Helicidie  there  is  a  gastnila  by  epibole.  The  shell-gland,  as 
Bny  be  gathered  from  Yon  Jhering's  figures,  has  the  usual  form,  and  an 
Uternai  shell  of  the  usual  larval  type  is  developed.  There  is  a  ciliated 
process  above  the  mouth,  which  extends  into  the  lumen  of  the  mouth. 
This  process  is  often  regarded  as  a  rudimentary  velum,  but  probably  has 
not  this  value.  There  b  no  other  organ  which  can  be  homologous  with 
the  velum. 
I  The  development  of    Limax  presents  some   peculiarities.     The  yolk- 

■^Blpberes  (hypoblast)  form  a  large  mass  enclosed  by  the  epiblast  cells.  A 
^^H^lliell-gland  is  fonned  in  the  usual  situation,  which  however,  instead  of 
^^y  being  everted,  ns  in  ordinary  forms,  becomes  closed,  and  in  its  interior 
are  deposited  calcareous  plates  which  give  rise  t*  the  permanently  internal 
shell  The  foot  grows  out  posteriorly,  and  contains  a  large  provisional 
contractile  vesicle,  traversed  by  muscular  strands  which  contract 
rhythmically. 

Although  an  external  shell  is  present  in  Clausilia  in  the  adult,  the 
shell-gland  becomes  closed  in  the  embryo  as  in  Limsx,  and  an  internal 
plate-like  shell  is  developed.     The  shell  b  at  first  covered  by  a  complete 
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epithelium,  which  eventually  giveB  way  in  the  oeiitre,  leu^■ing  covered 
only  the  edges  of  the  itLell.  It  thus  comes  about  that  the  origiu&l 
iiit«niul  shell  becomes  an  external  one.  It  is  very  diflicult  to  bring  tliU 
mode  of  development  of  the  external  shell  into  relation  with  tlwt  of  other 
forms.     ClaiisiliA  like  Limnx  develo^w  a  large  pedal  ajiiua 

In  both  Limax  and  Clausilia  cilia  are  early  develo|)ed  and  cauae  a 
rotation  of  the  embryo,  but  how  far  they  give  rise  to  a  distinct  velum  in 
not  clear. 

HetOTOpoda.  Tlie  Ileteroiiod  embryos  present  in  their  early  develop- 
mi^ut  the  closest  resemblance  to  thotte  of  other  Oastei-opods.  The  seg- 
mi'ntation  ttikeH  place  according  to  the  moat  usual  tiasteropod  tyjte ; 
(vide  p.  81 )  and  after  the  yolk  cells  have  ceased  to  give  origin  to  epiblast 
cells  they  divide  towards  the  nutritive  pole,  become  invaginated,  and 
line  a  spacious  archenteron.  The  efiibliist  cells  at  the  formative  pole 
gradually  envelojffi  the  yolk  (hypoblast)  cells,  and  the  blatito])ore  very  early 
narrows  and  becomes  the  permanent  mouth. 

Simultaneously  with  the  nan-owing  of  the  blastopore,  the  shell-gland 
is  formed  at  the  aboral  pole,  and  the  foot  on  the  ventral  aide.  The  velum 
ap|>ears  as  a  i<alch  of  cilia  on  the  durtwl  side,  which  then  gradually  extends 
veutrally  so  as  to  form  a  complete  circle  just  dorsal  to  the  mouth. 

The  larva,  atl«r  these  changes  have  been  cuiii|>leted,  is  represented  in 
Bg.  102. 

In  lat«r  stages  the  shell-gland  becomes  everted,  and  a  shell  la  developed 
in  all  the  forms  both  with  and  without  shells  in  the  ailult.  The  fool 
grows  very  rapidly,  and  an  operculum  is  in  all  cases  formed  behind.  A 
bilobed  invagination  in  front  gives  rise  to  the  mucous  gland.  The  velum 
enliirgeH  and  becomes  bilobed. 

Though  the  blustt'pore  remains  permanently  o|)en  as  the  mouth,  the 
ueiiphiigus  is  formed  as  an  epiblastic  ingrowth.  The  rudiment  of  the 
proctodieum  appears  as  two  epiblastic  cells  symmetrically  placed  behind  the 
tbot,  which  siibsetjuently  pass  to  the  right  side,  and  give  rise  to  a  shallow 
invagination  which  meets  the  mesenteric  sack.  In  the  Litter  structure  the 
cells  iif  pnrt  of  the  wall  developo  a  i)eculiar  nutritive  material,  and  form  ft 
nutritive  sack  which  eventually  becomes  the  liver.  The  part  of  the  sack 
connected  with  the  epiblastic  ceaopLagus  becomes  constricted  off  aa  the 
stomach.  Thu  remainder,  «hiL-h  unites  with  the  proctodieuui,  forms  the 
intestine. 

The  structural  |>eculiaritieB  of  the  adnit  are  formed  by  a  post-Iarval 
niet«mor{>hosia  The  caudal  appendage  of  Pt«rotrachea  and  FiroloideA  ia 
formed  as  an  outgrowth  of  the  upjier  border  of  the  hind  end  of  the  foot. 
Tlie  so-called  fin  arises  as  a  cylindrical  process  in  front  of  the  base  of  the 
foot,  which  is  eventually  flattened  laterally.  In  the  Atlantid«  it  is  in  some 
cases  at  lirst  venniform,  and  in  other  cares  attains  directly  its  adult  struc- 
ture. T!ie  embryonic  foot  itself  gives  rise  in  Pt*rotracbea,  Firoloidea  and 
Carinaria  ia  the  tail,  on  the  dorssl  and  j>osterior  side  of  which  tbu 
operculum  may  still  l«  seen  in  young  specimens.  In  Atlanta  it  forms 
the  po8t«i-ior  itart  of  the  foot  on  wliicb  the  operculnm  iwrsists  through 
life. 

The  embryonic  ihcll  ia  comjiletely  lout  in  Pterotrachea  and  Firoloidea, 
and  the  shell  ia  rudimentary  in  (Jariuaris,  With  its  atrophy  the  mantla 
region  also  liecoines  much  reduced. 

The  velum  in  euurmously  develoi>ed  in  many  Het^roiiods.    In  Atlanta  it 
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is  Hix-lobed,  each  of  the  two  primitive  lateiul  lobes  being  prolonged  into 
three  processes,  two  in  front,  and  one  behind.  As  in  all  other  cases,  it 
atrophies  in  the  roui'se  of  the  poat-larval  metamorphosis. 

Fteropoda.  The  early  larval  form  of  the  Pteropods  is  closely  similar  to 
that  of  marine  Oasteropoda.  There  are  usually  only  three  hyjmblastio 
spheres  at  the  close  of  the  segmentation  in  the  Thecosomata,  and  a  some- 
what larger  number  in  the  Gymnosomata,  The  blastojiore  closes  at  the  oral 
region,  on  the  nutritive  side  of  the  oviini,  and  the  shell-gland  is  placed  at 
the  original  formative  pole.  The  velum,  Ehell-gland  and  foot  have  the  usual 
relations.  Although  many  of  the  adult  forms  are  symmetrical,  there  is 
very  early  an  asymmetry  visible  in  the  larva,  shewing  that  the  Fteropoda 
are  descended  from  asymmetrical  ancestors.  In  the  Gymnosomata  there  is 
a  second  larval  stage  after  the  loss  of  the  shell  when  the  larva  is  provided 
with  three  rings  of  cilia  (fig.  109).  In  most  forms  of  Fteropoda  the 
dorsal  part  of  the  body,  covered  by  the  mantle,  is  produced  into  a  visceral 
sack  like  that  of  the  Cephalo^ioda  (fig.  108). 

The  velum  varies  conaiderHbly  in 
its  development  in  different  forms. 
In  the  Hyaleidie  it  is  comparatively 
small  and  atrophies  early  ;  while  in 
Cymbulia  (fig.  103)  and  the  Gyrano- 
aomata  it  is  Urge  and  bilobed,  and 
persists  till  after  the  foot  has  at- 
tained its  full  development. 

I  The  free  edge   of  the   velum  is 

^  provided  with  long  motor  cilia,  and 
its  lower  border  with  small  cilia  which 
bring  the  food  to  the  mouth.  In 
Cleodora  there  is  a  median  bunch  of 
cilia  in  the  centre  of  the  velum  like 
that  in  the  Lamcllibrunchiata,  Nudi- 
brancliiitta,  etc. 

The  shell-gland  forms  a  pit  at  the 
aboral  end  of  the  body,  and  in  Cym- 
bulia a  chitinous  plug  appears  to  be 
normally  formed  iu  this  pit.  The 
pit  afterwards  everts  itself.  Tiie 
edge  of  the  everted  area  becomes 
thickened  and  gradually  travels  to- 
wards the  anterior  end  of  the  body. 
On  this  evert«d  area  a  email  plate  is 
developed,  which  forma  the  com- 
mencement of  the  entbryonic  shell 
with  which  the  larvie  of  all  Pteropods 
ftre  provided. 

The  remainder  of  the  embryonic 
shell  is  secreted  in  successive  rings 
hy  the  thickened  edge  of  the  mantle,  i 

neok  (fig.   108).     The  permanent  sboll  is  added  subHe(|uently,  usually 
' — y  different  model  to  the  larval  shell.     The  fate  of  the  embryonic  shell 
a  different  forms.     In  the  Hyaleidie  the  animal  withdraw 
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ind  grows  with  this  till  it  reaches  the 
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Via.  109.  Fhek  bwixmino  Pneumodebsion 
LABVJC.     (After  Gegenbaur,  copied  from  Bronn.) 

The  ▼eluin  has  atrophied  in  both  lame. 

In  A  three  ciliated  hands  are  present,  and  the 
auditory  Tesicles  are  visible. 

In  B  the  tentacles  with  suckers  and  the  epi- 
podia  have  become  developed. 

an.   anus. 


itself  from  the  larval  shell,  which  becomes  shut  off  from  the  permaneut 
shell  by  a  diaphragm.     The  larval  shell  then  becomes  detached. 

In  the  Styliolid»  the  per- 
manent shell  becomes  twice 
the  size  of  the  embryonic 
shell  while  the  animal  is  still 
in  an  embryonic  condition, 
but  the  larval  shell  persists  for 
life.  In  the  Cymbulidte  there 
is  an  embryonic  and  secondary 
8hell,  which  persist  together 
during  larval  life.  They  are 
eventually  cast  off  at  the  same 
time  and  replaced  by  a  per- 
manent shell. 

In  the  Gymnosomata  an 
embryonic  shell  is  developed, 
and  a  secondary  shell  added 
to  it  during  embryonic  life. 
Both  are  cast  off  before  the 
adult  condition  is  attained. 
After  the  shell  has  been  cast 
off  three  ciliated  rings  are  de- 
veloped (tig.  109).  The  an- 
terior of  these  is  placed  between  the  velum  and  the  foot,  and  the  two 
hinder  ones  on  the  elongated  ])osterior  part  of  the  body. 

The  ciliated  rings  give  to  these  larvae  a  resemblance  to  Chsetopod  larvae ; 
but  there  can  be  no  doubt  tliat  this  resemblance  is  a  purely  superficial  one. 
Tlie  anterior  ring  atrophies  early  (tig.  109  B),  and  the  second  one  soon 
follows  suit.  It  is  probaUe  that  the  hindermost  one  does  not  persist 
through  life,  although  it  has  been  observed  in  forms  with  fully  developed 
sexual  organs.  Most  of  these  larvae  have  not  been  traced  to  their  adult 
fonuH.     Tlu»y  have  been  referred  to  Pneuniodermon,  Clio,  etc. 

Tlie  most  characteristic  organ  of  the  Pteropods  is  the  foot,  which  is 
prolonKed  into  two  enonnous  lateral  wings,  the  epiiKxlia.  These  develope 
at  diff<*n'nt  |>(;riods  in  different  larva?,  but  are  always  distinct  lateral  out- 
growths of  the  f(N)t. 

In  the  Hyaleidw  the  foot  is  early  conspicuous,  and  soon  sends  out  two 
lateral  prolongations  (tig.  108  jm.)  which  develo]>e  with  enormous  rapidity 
as  coni|)arcd  with  the  medium  portion,  and  give  rise  to  the  epi|)odia.  The 
whole  of  the  foot  iM^com^s  ciliatt^d. 

In  the  (Jymbulidae,  though  not  in  other  forms,  an  o])ercu]uni  is  developed 
on  the  hinder  surface  of  the  foot  (tig.  103  C).  The  epijKxlia  are  late  in 
ap]N*4iring. 

In  the  Gymnosomata  the  foot  is  developed  very  early,  )>ut  remains 
small.     The  <*piiKKlia  do  not  appear  till  very  late  in  larval  life  (tig.  109  B). 

In  Paeummlermon  and  some  other  Gynmosomata  then;  appear  on  the 
hind<*r  part  of  the  head  [x*culiar  tentacles  with  suckers  like  those  of  the 
(\*plmlo|Kxla  (tig.  WJ  B).  It  is  not  certain  that  these  tentacles  arc  geneti- 
cally related  to  tlie  arms  of  the  Cephalopoda. 

Cephalopoda.     The  eggs  of  the  Ceplialopuda  arc  usually  laid  in 
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special  capsules  formed  in  the  oviduct,  which  differ  considerably  in 
the  different  members  of  the  group. 

In  the  case  of  Argonauta  each  egg  is  enveloped  in  an  elongated  cap- 
sule i)rovided  with  a  stalk.  By  means  of  the  stalk  the  eggs  are  attached 
together  in  bunches,  and  these  again  are  connected  together  and  form 
transparent  masses,  which  are  plac^  in  the  back  of  the  shell.  In  Octopus 
the  eggs  are  small  and  trans|)arent :  each  of  them  is  enclosed  in  a  stalked 
capsule.  In  Loligo  the  eggs  are  enveloped  in  elongated  sack-like  gelatinous 
cords,  each  containing  about  thirty  or  forty  eggs.  The  cords  are  attached 
in  bunches  to  submarine  objects.  In  Sepia  each  egg  is  independently 
enveloped  in  a  spindle-shaped  black  capsule,  which  is  attached  to  a  stone 
or  other  object. 

In  a  decapod  form  with  pelagic  larvffi,  described  by  Qrenacher  (No.  280), 
the  eggs  were  enclosed  in  a  somewhat  cylindrical  gelatinous  mass.  In  each 
mass  there  were  an  immense  number  of  eggs  arranged  in  spirals.  Each 
ovum  was  enclosed  in  a  structureless  membrane,  within  which  it  floated  in  a 
colourless  albumen. 

The  ovum  itself  within  the  capsule  is  a  nearly  homogeneous 
granular  mass,  without  a  distinct  envelope.  Development  com- 
mences by  the  segregation,  at  the  narrow  pole  of  the  ovum  opposite 
the  egg-stalk,  of  the  greater  part  of  the  protoplasmic  formative 
material\  This  material  forms  a  disc  equivalent  to  the  germinal 
disc  of  meroblastic  vertebrate  ova.  The  germinal  disc  in  Sepia  and 
Loligo  does  not,  however,  undergo  a  quite  symmetrical  segmentation 
(Bobretzky,  No.  279).  When  eight  segments  are  present,  two  of  them 
close  together  are  much  smaller  and  narrower  than  the  remainder;  and 
when,  in  the  succeeding  stages,  small  segments  are  formed  from  the 
inner  ends  of  the  large  ones,  those  derived  from  the  two  smaller  seg- 
ments continue  to  be  smaller  than  the  remainder :  so  that  throughout 
the  segmentation  one  pole  of  the  blastoderm  is  formed  of  smaller 
segments,  and  the  blastoderm  exhibits  a  bilateral  symmetry*.  The 
partial  segmentation  results  in  the  formation  of  a  blastoderm  cover- 
ing one  pole  of  the  egg,  but,  unlike  the  vertebrate  blastoderm,  formed 
of  a  single  row  of  cells.  This  blastoderm  very  soon  becomes  two  or 
three  cells  deep  at  its  edge,  and  the  cells  below  the  surface  constitute 
the  layer  from  which  the  mesoblast  and  hypoblast  originate  (fig. 
110  ma).  The  origin  of  the  mesoblast  at  the  edge  of  the  blastoderm  is 
a  phenomenon  equivalent  to  its  origin  at  the  lips  of  the  blastopore 
in  so  many  other  types.     The  external  layer  forms  the  epiblast. 

The  whole  blastoderm  does  not  take  its  origin  from  the  segmen- 
tation spheres,  but,  as  was  discovered  by  Lankester  (282),  a  number 
of  nuclei  arise  spontaneously  in  the  yolk  outside  the  blastoderm, 
around  which  cell-bodies  become  subsequently  formed.  They  make 
their  appearance  near  to,  but  not  at  the  surface,  extending  first  in  a 

^  In  Octopus  and  Argonauta  (Lankester)  as  soon  as  the  blastoderm  is  completed  the 
egg  reverses  its  position  in  the  egg-shell;  the  cleavage  pole  taking  ap  a  position  nearest 
the  stalk. 

'  I  do  not  know  the  relation  of  this  axis  of  symmetry  to  the  future  embryo. 
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dorm ;  c.  one  of  the  Begmentatiun  Dells. 


ring-like  series  in  advance  of  the  margin  of  the  blastoderra,  but 
subsequently  appearing  indiscriminately  over  ail  parts  of  the  egg. 
They  take  no  share  in  forming  the  epiblast,  but  would  seem,  aoconl- 
iog  to  Laukeeter,  to  assist  in  giving  rise  to  the  lower  layer  cells,  and 
also  to  a  layer  of  flattened  cells  which  eventually  completely  encloses 
the  yolk,  and  may  be  called  the  yolk  membrane.  The  cells  of  the 
yolk  membrane  first  of 
all  appear  at  the  thick- 
ened edge  of  tlie  blas- 
to<lerm.  From  this  point 
they  spread  inwards  un- 
der the  centre  of  the 
bhiatoderm  (fig.  115  in), 
;iiid,  together  with  the 
epiblast  cells,  outwards 
over  the  yolk  generally ; 
80  that  before  long  (on 
the  tenth  day  in  Loligo) 
the  yolk  becomes  completely  investeil  by  a  membrane  of  cells. 

In  the  non-germinal  region  the  blastoderm  is  formed  of  two 
layers,  (I)  a  flattened  epiblast,  and  (2)  the  yolk  membrane.  In 
the  region  of  the  original  germinal  disc  the  epiblast  cells  become 
columnar,  and  below  them  is  placed  a  ring  of  lower  layer  cells,  which 
gradually  extends  towards  the  centre  so  as  finally  to  form  a  complete 
layer.     Below  this  again  cornea  the  voile  membrane  just  spoken  of. 

Before  describing  the  further  fate  of  the  separate  layers  it  ia 
necessary  to  say  a  few  words  as  to  the  external  features  of  the 
embryo.  In  the  adult  Cephalopod  it  is  convenient,  for  the  sake  of 
comparison  with  other  Mollusca,  to  speak  of  the  narrow  space  enclosed 
in  the  arms,  which  contains  tbe  mouth,  as  the  ventral  surface ;  the 
aboral  apex  as  the  dorsal  surface;  and  what  is  usually  called  the 
upper  surface  iw  the  anterior  and  tbe  lower  one  as  the  posterior. 

Employing  this  terminology  the  centre  of  the  original  blastodernt 
is  the  dorsial  apex  of  the  embryo.  In  the  typical  forms  with  a  lai^ 
yolk-sock  the  whole  embiyo  is  formed  out  of  the  original  germinal 
disc ;  the  part  of  the  blastoderm  which  is  continued  as  a  thin  layer 
over  the  remainder  of  the  e^  fonns  a  large  ventral  yolk-sack 
appended  to  the  head  of  the  embryo.  The  fiillnwing  description 
applies  especially  to  two  types,  which  form  the  extremes  of  the  series 
in  reference  to  the  development  of  the  yolk-sack.  Tbe  first  of  these 
with  a  large  yolk-sack  is  Sepia,  of  which  Kdlliker  in  his  classical 
memoir  (No.  2S1)  has  published  a  scries  of  beautiful  figures.  Tbe 
second,  with  a  small  yolk-sack,  is  the  pelagic  larva  of  an  unknown 
adult  described  by  Grenacher  (No.  280). 

In  a  young  blastoderm  of  Sepia  viewed  from  the  dorsal 
surface,  a  series  of  structures  appear  which  are  represented  in 
fig.  1 1 1  A,  In  the  middle  is  a  somewhat  rhomboid  prominence 
wliicli  forms  the  nidimcnt  of  the  mantle  (mt).     In  its  centre  is  a  |nt 


whicli  forms  the  Bhell-glaud.  On  each  siJe  of  the  mantle  U  a  some- 
what curved  fold  (/).  These  folds  eventually  coalesce  to  form  the 
funnel.  Tbey  are  divided  into  two  parts  by  a  small  body  which  forms 
the  cartilage  of  the  funnel.  Tlie  smaller  part  of  the  fold  behind 
this  body  gives  rise  to  the  true  funnel,  the  part  in  front  becomes 
(Kolliker)  the  strong  muscle  connecting  the  funnel  with  the  neck- 
cartilage.  In  front  and  to  the  sides  are  two  kidney-shaped  bodies 
{oc)  the  optic  pits.  Beliind  the  mantle  an?  two  buds  (br),  the 
rudiments  of  the  gills. 
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In  the  somewhat  later  stage  rudiments  of  the  two  posterior  pairs 
of  arms  make  their  appearance  outside  and  behind  the  rudiments  of 
the  funnel.  The  head  is  indicated  by  a  pair  of  lateral  swellings  on 
each  side,  the  outer  of  which  carries  the  eyes.  The  whole  embryo  now 
becomes  ciliated,  though  the  ciliation  does  not  cause  the  usual  rota- 
tion. At  a  slightly  later  stage  the  second,  third,  and  fourth  pairs  of 
arms  make  their  appearance  slightly  in  front  of  those  already  present. 
The  posterior  parts  of  the  funnel  rudiments  approach  each  other,  and 
the  anterior  mt-et  the  rudiments  of  the  neck -cartilage.  The  gills 
begin  to  be  covered  by  the  mantle-edge,  which  now  projects  as  a 
marked  fold.  At  a  slightly  later  period  two  fresh  rudiments  may  be 
noted,  viz.  the  oral  (fig.  Ill  B,  m)  and  anal  invaginations,  the  latter 
of  which  is  extremely  shallow  and  appears  at  the  apex  of  a  small 
papilla  which  may  be  spoken  of  as  the  anal  papilla.  These  invagina- 
tions appear  at  the  two  opposite  poles  (anterior  and  posterior)  of  the 
blastoderm.  Shortly  after  this  the  rudiment  of  the  first  pair  of  arms 
arises  considerably  in  front  of  the  other  rudiments,  at  the  sides  of  the 
outer  pair  of  cephalic  swellings  (fig.  1 11  B,  i)- 

Fig.  Ill  B  represents  a  view  from  the  dorsal  surface  of  an  embryo 
at  this  stage.  In  the  centre  is  the  mantle  with  the  shell-gland 
which  is  now  very  considerably  raised  beyond  the  general  surface. 
Concentric  with  the  edge  of  the  mantle  are  the  two  halves  of  the 
Lnel,  the  anterior  half  meeting  the  dorsal  or  neck -cartilage  and 
le  posterior  halves  approaching  each  other.     The  oral  invagination 
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is  shewn  at  m  and  the  anal  immediately  in  front  of  an.  The  gills,  nearly 
covered  by  the  mantle,  are  seen  at  br.  At  p  are  the  cephalic  swell- 
ings, and  the  eye  is  seen  at  oc.  The  arms  1 — 5  form  a  ring 
outside  these  parts.  The  whole  of  the  embryo,  with  the  exception  of 
the  gills,  the  funnel,  and  the  outer  border  of  the  blastoderm,  is 
richly  ciliated. 

The  embryo  up  to  this  time  has  had  the  form  of  a  disc  or  saucer 
on  the  surface  of  the  yolk.  After  this  stage  it  rapidly  assumes  its 
permanent  dome-like  form,  and  becomes  at  the  same  time  folded  off 
from  the  yolk.  The  blastoderm  is  very  slow  in  enveloping  the  yolk, 
and  the  whole  yolk  is  not  completely  invested  till  a  considerably 
later  stage  than  that  represented  in  fig.  Ill  B.  As  soon  as  the 
blastoderm  covers  the  yolk-sack  cilia  appear  upon  it  The  mantle 
grows  very  rapidly,  and  its  free  border  soon  projects  over  the  funnel 
and  gills.  After  the  two  halves  of  the  funnel  have  coalesced  into 
a  tube,  it  comes  to  project  again  beyond  the  edge  of  the  mantle. 

On  the  completion  of  the  above  changes  the  resemblance  of  the 
embryo  to  a  Cuttle-fish  becomes  quite  obvious.  Three  of  the  stages 
in  the  accomplishment  of  these  changes  are  represented  in  fig.  112. 

To  the  ventral  side  of  the  embryo  is  attached  the  enormous 
external  yolk-sack  (yA;),  which  is  continuous  with  an  internal  section 


Fig.  112.    Side  tiewb  of  threr  late  staoeb  in  the  developmrnt  of  Sepia. 

(After  Kollikcr.) 

m.  moath;   yk.  yolk-sack;    oc.  eye;    mt.  mantle. 

situate<l  within  the  body  of  the  embryo.     The  general  relations  of 
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the  embryo  to  the  yolk  will  best  be  understood  by  reference  to  the 
longitudinal  section  of  Loligo,  fig.  127. 

The  arms  gradually  increase  in  length,  and  the  second  pair  passes 
in  front  of  the  first  so  as  eventually  to  lie  completely  in  front  of  the 
mouth.  The  arms  thus  come  to  form  a  complete  ring  surrounding 
the  mouth,  of  which  the  original  second  pair,  and  not,  as  might  be 
anticipated,  the  first,  completes  the  circle  in  front.  The  second  pair 
develops  into  the  long  arms  of  the  adult. 

After  the  embryo  has  attained  more  or  less  completely  its  definite 
form  (fig.  112  C)  it  grows  rapidly  in  size  as  compared  with  the  yolk- 
sack.  The  latter  structure  is  at  first  four  or  five  times  as  big  as  the 
embryo,  but,  by  the  time  of  hatching,  the  embryo  is  two  to  three 
times  as  big  as  the  yolk-sack. 

Loligo  mainly  differs  from  Sepia  in  the  early  enclosure  of  the  yolk  by 
the  blastoderm,  and  in  the  embryo  exhibiting  the  phenomena  of  rotation 
within  the  egg-capsule  so  characteristic  of  other  Mollusca. 

In  Argonauta  the  yolk-sack  is  still  smaller  than  in  Loligo,  and  the 
yolk  is  early  completely  enclosed  by  the  blastoderm.  A  well  developed 
outer  yolk-sack  is  present  during  early  embryonic  life,  but  is  completely 
absorbed  within  the  body  before  its  close.  Cilia  appear  on  the  blastoderm 
very  early,  but  vanish  again  when  the  yolk  is  about  two-thirds  enclosed. 
There  is,  during  embryonic  life,  no  trace  of  a  shell,  but  the  mantle  and 
other  parts  of  the  body  become  covered  by  peculiar  bunches  of  fine  set». 
The  shell-gland  develops  normally  in  both  Octopus  and  Argonauta,  but 
disappears  again  without  closing  up  to  form  a  sack  (Lankester). 

The  pelagic  Decapod  larva  described  by  Grenacher,  which  forms 
my  second  type,  must  be  placed  with  reference  to  the  development  of 
the  yolk-sack  at  the  opposite  pole  to  Sepia.  Se^entation,  as  in 
other  Cephalopods,  is  partial,  but  the  blastoderm  sJmost  completely 
envelopes  the  yolk  before  any  organs  are  developed ;  and  no  external 
yolk-sack  is  present.  At  a  stage  slightly  before  the  closure  of  the 
yolk'blastopore  the  mantle  is  formed  as  a  slight  prominence  at  the 
blastodermic  pole  of  the  egg,  and  even  at  this  early  stage  is  marked 
by  the  presence  of  chromatophores.  The  edge  of  the  blastoderm  is 
ciliated.  At  a  slightly  later  stage  the  embryo  becomes  more  cylin- 
drical, the  edge  of  the  mantle  becomes  marked  by  a  fold,  which 
divides  the  embryo  transversely  into  two  unequal  parts,  a  smaller 
region  covered  by  the  mantle,  and  a  larger  region  beyond  this.  The 
ycuk  is  still  exposed,  but  rudiments  of  the  optic  pit  and  of  two  pairs 
of  arms  have  appeared.  The  first-formed  arms  are  apparently  the 
anterior,  and  not,  as  in  Sepia,  the  posterior. 

At  a  still  later  stage,  represented  in  lateral  and  posterior  views  in 
fig.  113  A  and  B,  considerable  changes  are  effected.  The  yolk- 
blastopore  is  nearly  though  not  quite  closed.  The  mantle  fold  {mt) 
is  much  more  prominent,  and  on  the  posterior  side  on  a  level  with 
its  edffe  may  be  seen  the  rudiments  of  the  gills  (6r).  The  funnel  is 
formea  as  two  independent  folds  on  each  side  {inf^  and  in/*),  which 
apparently  correspond  with  the   two   divisions  of  the  funnel  nidi- 
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ments  in  Sepia.  The  eye  has  undergone  considerable  chains. 
Close  to  each  rudiment  of  the  fuuucl  may  be  seen  a  fresh  sense- 
oTgan — the  auditory  sack  (ac).  The  ventral  (upper  in  the  figure) 
end  of  the  body  now  forms  a  marked  protuberance,  probably  equi- 
valent to  the  foot  of  other  Mollusca  {vide  p.  225),  at  the  sides  of 
which  are  seen  the  rudiments  of  the  arms  (1,  2,  3).  To  the  two 
previously  present  a  third  oue,  on  the  posterior  side,  has  been  added. 
The  blastopore  is  placed  on  the  anterior  side  of  the  ventral  protu- 
berance, and  immediately  dorsal  to  this  is  an  invagination  {oa)  which 
gives  rise  to  the  stomodseum.  The  ciliation  at  the  edge  of  the 
blastopore  still  persists,  but  does  not  lead  to  the  rotation  of  the 
embryo. 

In  later  stages  (fig.  113  C;  the  blastopore  becomes  closed,  and  the 


Fio.  118.    TiiHitB  Embrhhi  ot  a  CttaujartiD  with  a  trrt  hiull  tolc-sick. 
(Aitei  UreoaoheT.) 
a.  blutopore;     hr.  bnDchin  \     inf.^  uid  inf.*  pcwterior  tnd  Anterior  folds  of  th« 
faunel;    g.op.   optic  ganglioD  |T);    ot.  eye;    mk.    white   body;    ae,    aaditory    pit; 
o€.  itomodaum;  an.  ftoiut  nf.  tnaotle;   1,3,8.   lat,  2nd,  and  Sid  pkin  of  uvi. 

mantle  region  increases  in  length  as  compared  with  the  remainder  of 
the  body.  The  ventral  halves  of  the  funnel,  each  in  the  form  of  a  half 
tube,  coalesce  together  to  form  a  single  tube  (inf)  in  the  same 
manner  as  in  Sepia.  A  shallow  proctodeeum  (an)  is  formed  between 
the  two  branchise.  The  eyes  (oc)  stand  out  as  lateral  projections, 
and  the  arms  become  much  longer. 

Still  later  a  fourth  pair  of  arms  is  added  as  a  bud  from  each  of 
the  posterior  pair,  and  with  the  growth  in  length  of  the  arms  the 
suckers  make  their  appearance.  The  mouth  is  gradually  carried  up 
so  as  to  be  HurrouDued  by  the  arms.  Tlie  ciliation  of  the  surface 
becomes  more  extensive. 

During  the  whole  of  the  above  development  the  interior  of  the 
embryo  is  filled  with  yolk,  although  no  external  ynlk-sack  is  present. 
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The  internal  julk-sack  falls  into  three  sections ;  a  cephalic  Ecction, 
a  section  in  the  neck,  and  an  abdominal  section.  Of  these,  that  in 
the  neck  is  the  first  to  be  absorbed.  The  cephalic  portion  Blls  out 
the  ventral  protuberance  alreaily  spoken  of.  The  hinder  section 
becomes  occupied  by  the  liver  wliich  exactly  fits  itself  into  this  space 
as  it  absorbs  the  material  previously  there. 

It  will  be  convenient  at  this  point  to  complete  the  account  of  the 
Cephalopoda  by  a  short  history  of  their  germinal  layers,  and  by  a 
fuller  description  of  the  mantle,  shell,  and  funnel  than  that  given  in 
the  preceding  pages. 

It  has  already  been  shewn  that  in  the  region  of  the  germinal 
disc  a  thick  layer  of  cells  becomes  interposed  between  the  epiblast  and 
the  yolk  membrane.  This  layer  (fig.  Horn)  is  mainly  mesohlastic, 
but  also  contains  the  elements  which   form  the  lining  of  the  ali- 


;  roRMHii.    (After  Bobratzkj.) 
gU.  Balivary  gland;  brd.  Bhenth  of  radola ;  or.  wBophaguH;  d'.  yolk-BBclt;  chi.  ehell- 
^knd;    mt.  mantle;   pdh.  meaenteroD;    x.   epiblasUa  thiokeniiig  between  the   folds 
of  the  funnel. 

raentary  tract.  Its  cells  first  become  differentiated  into  mesoblast 
and  hypoblast  after  the  shell-gland  has  become  a  fairly  deep  pit. 
The  mode  of  differentiation  is  shewn  in  fig.  114.  On  the  posterior 
side  of  the  mantle,  at  the  point  marked  in  fig.  Ill  B,  an,  a  cavity 
is  formed  between  the  yolk  membrane  and  the  mesoblast  cells  (fig. 
W^fpdh).  This  cavity  is  the  commencement  of  the  anal  extremity 
of  the  mesenteron,  and  the  columnar  cells  lining  it  constitute  the 
hypoblast.  The  remainder  of  the  lower  layer  cells  are  the  mesoblast. 
The  mesenteron  gradually  extends  itself  till  it  meets  the  stomodaeum 
(fig.  127).  The  proctodseum  is  formed  as  a  shallow  pit  close  to  the 
first  formed  part  of  the  mesenteron. 

The  mesoblast  gives  rise  not  only  to  the  organs  usually  formed  in 
this  layer,  but  also  to  the  nervous  centres,  etc. 

The  mantle  and  shelL     The  mantle  first  arises  as  a  thickening 

of  the  epiblast  on  the  dorsal  surface  of  the  embryo.     The  thickened 

^^L  integument,  with  the  subjacent  mesoblast,  soon  forms  a  definite  pro- 

^^K  jection,  in  the  centre  of  which  appears  a  circidar  pit  (figs.  114  ehe 
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and   115  s/m),     This  pit,  which  lias  already  been  spoken  of  as  the 


way  up  to  fig.  114.) 
:  m'.  oellulnryolk  membruie:  i^.  ihall- 


Via.  lis.    DuQtuu 

Lol.iQO.     (From  lAnkoHter). 

(Thia  figure  is  tumod  the 
rp.  epiblast;  y.  food-yolk 

shell-gland,  resembles  very  closely  the  shell-gland  of  other  Molluscs. 
The  fold  around  the  edge  of  the  ehell-gland  grows  inwards  bo  as 
gradually  to  circumscribe  its  opening,  which  before  long  becomes 
completely  obliterated;  and  the  gland  forms  a  closed  sack  lined  by 
epiblast  which  grows  in  an  anterior  direction  (figs.  114  and  127  cch). 

The  edges  of  the  mantle  now  begin  to  project,  especially  on  the 
ijosterior  side  (fig.  127),  and  within  the  cavity  formed  by  this  projecting 
lip  there  are  placeti  the  anus  (an),  gills, etc.  The  projecting  lip  of  the 
mantle  is  formed  both  of  epiblast  and  niesoblast.  The  wnole  of  tbe 
anterior  aide  of  the  mantle  is  filled  by  tbe  elongated  shell-sack  (ocA), 
within  which  the  shell  or  pen  soon  becomes  secreted. 

There  are  certain  difficulties  in  comparing  the  shell-gland  of  the 
Cephalopoda  with  that  of  other  Molluaca  which  will  bent  be  rendered  clear 
by  tbe  foUowuig  quotation  from  Laukester': 

"  The  position  and  mode  of  development  of  the  shell-gland  of  the 
Ceplialopoda  eixactly  agree  with  that  of  the  sbell-gland  aa  seen  in  the  other 
MolluBcan  embryos  figured  in  this  paper.  We  are  therefore  fairly  entitled 
to  conclude  from  the  emhryological  evidence  that  the  pen-sack  of  Cephalo- 
|)oda  iH  identical  with  the  Hhell-gland  of  other  Motlusca. 

"But  here— forming  an  interesting  ei:am  pie  of  the  int«raction  of  the 
various  Bourcea  of  evidence  in  genealogical  biology — palaeontology  crosses  the 
path  of  embryology.  I  think  it  ih  certain  that  if  we  poHsesaed  no  foeml 
remains  of  Cephalopoda  the  conclusion  that  the  pen-sack  is  a  special  develop- 
ment of  the  shell-gland  would  have  to  be  acceptc<l. 

"  But  the  consideration  of  the  nature  of  the  shell  of  the  Belenmit«s  and 
its  relation  to  the  pen  of  living  Cuttle-fish  brings  a  new  light  to  bear  on 
the  matter.  Reserving  anything  like  a  decided  opinion  aa  to  the  ijuestiOD 
in  hand.  1  may  briefly  state  the  hypothesin  suggested  by  the  facts  ascer- 
tained aa  to  tlie  Belemnitidn.  Hie  complete  shell  of  a  Belemnitc  is  essentially 
a  straightened  nautilus-shell  (therefore  an  external  shell  inherited  from  a 

>  "Development  of  Pond  Snsil."     ()vaTt.  J.  »/  J/Jcro,  Stimet.  1ST4.  pp.  871 — 1174. 
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nautilus-like  anceBtor),  which,  like  the  nautiloid  shell  of  Spirulaj  has 
become  enclosed  by  growths  of  the  mantle,  and  unlike  tlie  shell  of  Spirula, 
has  received  large  additions  of  calcareous  matter  from  those  enclosing 
over-growths.  On  the  lower  surface  of  the  enclosed  nautilus-shell  of  the 
Belemnite — the  phragmacone — a  series  of  layers  of  calcareous  matter  have 
been  thrown  down  forming  the  guard ;  above,  the  shell  has  been  continued 
into  the  extensive  chaml)er  formed  by  the  folds  of  the  mantle,  so  as  to 
form  the  flattened  |>en-like  pro-ostracum  of  Huxley. 

"  Whether  in  the  Belemnites  the  folds  of  the  mantle  which  thus  covered 
in  and  added  to  the  original  chambered  shell,  were  completely  closed  so  as 
to  form  a  sack  or  remained  partially  o[)en  with  contiguous  lla])s  must  be 
doubtful. 

"  In  Spirula  we  have  an  originally  external  shell  enclosed  but  not  added 
to  by  the  enclosing  mantle-sack. 

"  In  Spirulirostra,  a  tertiary  fossil,  we  have  a  shell  very  similar  to  that  of 
Spirula,  with  a  small  guard  of  laminated  structure  developed  as  in  the 
Belemnite  (see  the  figures  in  Bronn  Classen  u.  Ordnnngen  des  Thierrtichs). 

**In  the  Belemnites  the  original  nautiloid  shell  is  small  as  compared 
with  Spirulirostra,  It  apixjars  to  be  largest  in  Huxley's  genus  J^ip/ioteut/iut. 
Hence  in  the  series  Spirula^  Spirulirostra,  XipJioteuthis^  Belemnites^  we  have 
evidence  of  the  enclosure  of  an  external  shell  by  growths  from  the  mantle 
(as  in  Aplysia),  of  the  addition  to  that  shell  of  calcareous  matter  from  the 
walls  of  its  enclosing  sack,  and  of  the  gradual  change  of  the  relative 
proi>ortions  of  the  original  nucleus  (the  nautiloid  phragmacone)  and  its 
superadded  pro-ostracal  and  rostral  elements  tending  to  the  disiip])earance 
of  the  nucleus  (the  original  external  shell).  If  this  view  be  correct  as  to 
the  nature  of  these  shells,  it  is  clear  tliat  the  shell-gland  and  its  plug  has 
nothing  to  do  with  them.  Tlie  shell-gland  must  have  ])receded  the 
original  nautiloid  shell,  and  must  Ik)  looked  for  in  such  a  relation  whenever 
the  embryology  of  the  i>early  Nautilus  can  be  studied.  Now,  everything 
points  to  the  close  agixn^ment  of  tlie  BelemnitidsB  with  the  living 
Dibninchiata.  The  booklets  on  the  aims,  the  ink-bag,  the  homy  jaws,  and 
general  form  of  the  body,  leave  no  room  for  doubt  on  that  iK)iut ;  it  is 
more  than  probable  that  the  living  Dibranchiata  are  modified  descendants 
of  the  mesozoic  Belemnitidse.  If  this  l>e  so,  the  pens  of  Loligo  and 
Sepia  must  be  tniced  to  the  more  complex  shell  of  the  Belemnite.  This  is 
not  difficult  if  we  suppose  the  originally  ext(;rnal  shell  the  phragmacone, 
around  which  as  a  nucleus  the  guard  and  pn>-ostraciuu  were  developed,  to 
have  finally  disappeared.  The  enclasing  folds  of  the  mantle  remain  as  a 
sack  and  perform  their  part,  producing  the  chitino-calcaroous  pen  of  the 
living  Dibranch,  in  which  parts  can  be  recognised  as  coiTesiwnding  to  the 
pro-ostracum,  and  probably  also  to  the  guard  of  the  Belemnite.  If  this 
be  the  case,  if  the  pen  of  Sepia  and  Loligo  correspond  to  the  entire  Belem- 
nite shell  minus  the  phragmacoue-nucleiis,  it  is  clear  that  the  sack  which 
develops  so  early  in  Loligo  and  which  appears  to  correspond  to  the  shell- 
gland  of  the  other  Molluscs  cannot  be  held  to  do  so.  The  saick  thus  formed 
in  Loligo  must  be  held  to  represent  the  sack  formed  by  the  primaeval  up- 
growth of  mantle-folds  over  the  young  nautiloid  shell  of  its  Belemnitoid 
ancestors,  and  has  accordingly  no  general  significance  for  the  whole 
Molluscan  group,  but  is  a  special  organ  belonging  only  to  the  Dibranchiate 
stem,   similar   to — but   not   necessarily   genetically   conuectcd  with — the 
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iiian tie-fold  \i\  which  the  shell  of  the  adult  Jpli/ina  and  its  congeners  is 
concealeil.  The  pen,  then,  of  Cephalo^iods  would  not  represent  the  plug  of 
the  shell-gland.  In  regard  to  this  view  of  the  case,  it  may  be  remarked 
that  I  have  found  no  trace  in  the  embiyonic  history  of  the  living 
Dibranchiata  of  a  structure  representing  the  phitigmacone ;  and  further,  it 
is  possible,  though  little  importance  can  be  attached  to  this  suggestion,  that 
the  Dibranchiate  pen-sack,  as  seen  in  its  earliest  stage  in  the  embryo  Loligo, 
etc,  is  fused  with  the  surviving  remnants  of  an  embryonic  shell-gland. 
When  the  embryology  of  Nautilus  pompilius  is  wi)rke<l  out,  we  shall  pro- 
bably know  with  some  certainty  the  fate  of  the  Molluscan  shell-gland  in  tiie 
group  of  the  CephalojKxla.'* 

The  foniieL  The  general  development  of  the  funnel  has  already 
been  sufficiently  indicated.  The  folds  of  which  it  is  formed  are 
composed  both  of  epiblast  and  mesoblast.  The  mesoblast  of  the 
anterior  part  of  each  half  of  the  funnel  would  appear  to  give  rise  to 
a  muscle  passing  from  the  cartilage  of  the  neck  to  the  funnel  pn)per. 
The  posterior  parts  gradually  approximate,  but  meet  in  the  first 
instance  ventmlly.  Tlie  two  fohls  at  first  merely  form  the  side  of  a 
groove  or  imjwrfect  tube  (fig.  113  C  and  124  ff.),  but  soon  the  free 
edges  unite  and  so  give  rise  to  a  perfect  tube,  the  primitive  origin 
of  which  by  the  coalescence  of  two  halves  would  not  be  suspecteil. 
In  Nautilus  the  two  halves  remain  permanently  separate  but  over- 
lap each  other,  so  as  to  foim  a  functional  tube. 

Polyplacophonu  The  external  characters  of  the  embryo  of  Chiton 
havo  long  been  known  through  the  classical  observations  of  Ln»ven 
(No.  285),  while  the  formation  of  the  layers  and  the  internal  pheno- 
mena of  development  have  recently  been  elucidated  by  Kowalevsky 
(No.  284).  The  eggs  are  laid  in  April,  May,  and  June,  and  are  en- 
closed in  a  kind  of  chorion  with  calcareous  protuberances.  The  seg- 
mentation remains  regular  till  sixty-four  segments  are  formed.  The 
cells  composing  the  formative  half  of  the  ovum  then  divide  more 
nipidly  than  tlie  remainder;  there  is  in  this,  way  formed  an  ehnigated 
spliere,  half  of  which  is  compMseil  of  small  cells  and  half  of  largtT 
cells.  In  the  interior  is  a  small  Si.»mnentati<ai  cavitv.  From  its 
eventual  fate  the  hemisphere  of  the  siuallor  cells  may  be  called  the 
anterior  jM)!e,  and  that  of  the  larger  cells  the  posterior.  An  involu- 
tion of  the  cells  at  the  apex  of  the  p«)sterior  pole  (though  not  of  the 
whole  hemisi^here  of  larger  cells)  now  takes  phice,  and  gives  rise 
to  the  archentcnm.  At  the  sjime  time  an  equatorial  double  ring  of 
large  cells  appears  on  the  surface  between  the  two  poles,  which  be- 
comes ciliateil  and  fonns  the  velum.  At  the  apex  of  the  anterior 
jM)lo  a  tuft  of  cilia,  or  at  fii*st  a  single  tiagellum,  is  established  (fig. 
IIG  III.  an<l  IV.). 

in  the  succeeding  developmental  period  the  blastopore,  which 
has  so  far  had  the  form  of  a  circular  pore  at  the  posterior  extremity 
of  the  lM)dy,  undergoes  a  .*ieries  of  very  remarkable  changes.  In  con- 
junction with  a  gmdual  elimgation  of  the  larva  it  tnivelsto  the  ventnil 
side,    ami  is    prolongetl  forwards    to    the    velum  as  a  groove.     The 


taiddle  part  of  the  groove  is  nest  converted  into  a  tube,  which  opens 
externally  in  front,  and  posteriorly  cominunicates  with  the  archeiite- 


Fit>.  116. 

I.     Cbjtoh  WoasHxsaEHHEu.     (After  Middecdorf.) 

It.    CHrniK  DIBBECT8D  U>  sliew  0.  the  month;  p.  the  nerronR  ring;  ao.  (be  sorU; 
c.  the  ventricle:  e',  an  suride;  br.  the  left  lii&ocluie;  od.  ovidnoti.     (Aftei  Cuvler.) 
in.,  rv,,  V.    SiiQEB  OF  DEVELOFMKST  ot  Chiton  cibebecb.     (Alter  Lov6ii.) 
Tbo  figure  ia  taken  from  Hozley. 

ron.  The  walls  of  this  tube  subsequently  fuse  together,  obliterating 
the  lumen,  and  necessarily  causing  at  the  same  time  the  closure  of 
the  blastopore.  The  tube  itself  becomes  thereby  converted  into  a 
plate  of  cells  on  the  ventral  surface  between  the  epiblast  and  the 
hypoblast'. 

While  the  above  changes  have  l)een  taking  place  the  mesoblast 
baa  become  established.  It  is  derived  from  the  lateral  and  ventral 
cells  of  the  hypoblast. 

After  the  establishment  of  the  germinal  layers  the  further  evolu- 
tion of  the  larva  makes  rapid  progress.  A  transverse  groove  is  formed 
immediately  behind  the  velum,  which  is  especially  deep  on  the 
ventral  surtace  ;  and  the  stomodseum  is  formed  as  an  invagination  of 
the  anterior  wall  of  the  deeper  section  of  the  groove.  Behind  the  sto- 
modoeum  the  remainder  of  the  ventral  surface  grows  out  as  a  flattened 
foot. 

'  There  is  n  BtriltinB  aimiUrity  between  the  ohangea  of  the  blaatopora  in  Chiton  titi 
the  fommtipn  of  the  neurenterio  canal  of  Cbordaln;  eHpeciiilly  if  KowaJevsby  is  eoneat 
in  stating  ihut  tbc  pedal  nerves  are  dereloped  from  the  Tential  plate. 

14—2 
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The  dorsal  surface  behind  the  velum  constitutes  the  mantle, 
and  becomes  divided  by  six  or  seven  transverse  grooves  into  seg- 
ment-like areas,  which  may  be  called  mantle  plates  (fig.  IIG  IV.). 
These  areas  would  seem  (?)  to  correspond  to  so  many  flatteued-out 
shell-glands.  Immediately  behind  the  velum  the  eyes  appear  as  two 
black  spots  (fig.  116  I  v.). 

While  the  above  external  changes  take  place  the  archenteron 
undergoes  considerable  modificjitions.  Its  anterior  section  gives  rise, 
according  to  Kowalcvsky,  to  a  dorsiil  (?)  sack  in  which  the  radula  is 
formed  ;  while  the  liver  arises  from  it  as  two  lateral  diverticula. 

From  the  above  statcmouts  it  would  appear  that  Kowalevsky  holds 
that  the  oeHophagus  and  radula  sack  arc  both  derived  from  the  wails  of 
the  archenU^ron  and  not  from  tlie  stoinodeeum.  Such  an  oiigiu  for  these 
organs  is  without  pandlel  amongst  MoHusca. 

The  larva  becomes  about  this  time  hatched,  and  after  swimming 
about  for  some  time  attaches  itself  by  the  foot,  throws  off  its  larval 
organs,  cilia,  etc.,  and  develops  the  shell. 

Tlie  shell  ap])ear8  first  of  all  during  larval  life  in  the  form  of  spicula 
on  the  middle  and  sides  of  the  hr^ad,  and  later  on  the  middle  and  sidt^s 
of  the  po8t-oral  mantle  plates  (fig.  116  v.).  The  i>ei*manent  shell  arises 
somewhat  later  as  a  series  of  median  and  latei*al  calcareous  plates,  first  of 
all  on  tlit^  ]Kist(Tior  ]>art  of  the  velar  area,  and  Hubsequontly  on  the  mantle 
plates  beliind.  The  thn>e  calcai*eous  patches  of  ejich  plate  fuw^  together 
and  give  rine  to  the  ]>ernianent  shell  plates.  Tlie  origihid  spicula  are 
displticeil  to  the  sides,  where  they  partly  remain,  and  are  pii-tly  i^eplaced 
by  new  spicula. 

Tlie  nervous  system  is  formed  during  larval  life  as  four  longitudinal 
cords: — two  lateral — the  bnuichial  cords,  and  two  ventral — the  i>edaK 
Painni  anterior  thickenings  of  the  ^Knlal  cords  meet  in  front  of  the  mouth 
to  form  the  cosophageal  ring.  The  {HHlal  cords  and  their  derivatives 
are  bt^icved  by  Kowalevsky  to  be  develojMMl  from  the  latend  i)arts  of 
the  plate  formed  by  the  metamorphosis  of  the  blastopoi-e.  The  median 
part  (»f  the  plate  is  still  visible  after  the  foimation  of  these  i>arts. 

The  chief  jMvuliarity  of  the  lar\'a  of  Chiton  (apart  from  the  pecu- 
liar ventml  plate)  consists  in  the  elongation  and  dorsal  segmentation 
of  the  ])osttTior  part  of  the  body.  The  velum  has  the  nonnal  situ- 
ation and  relation  to  its  mouth.  The  iX)8ition  of  the  eyes  behind  it 
is  however  abnormal. 

The  elongation  and  segment.ation  of  the  posterior  part  of  the 
trunk  is  probably  to  be  regarded  as  indicating  that  Chiton  has  early 
braiu'luMl  off  from  the  main  group  of  the  ()dunto})hora  along  a  special 
line  of  its  own,  and  vol  that  the  remaining  Odontophora  are  de- 
scended from  Cliit(m-like  ancestral  forms.  The  shell  of  Mollusca  on 
this  view  is  not  to  be  deprived  from  one  of  the  plates  of  Chiton,  but 
the  plates  of  (^biton  are  to  be  derived  from  the  segmentation  of 
a  primitive  simple  shell.  The  segmentation  exhibited  is  of  a  kind 
wliicli  all  the  trocbosphere  larval  forms  seem  to  have  been  capable  of 
ac<|uiring.     The  bilateral  symmetry  of  Chiton,  which  is  quite  as  well 
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marked  as  that  of  the  Lamellibranchiata,  indicates  that  it  is  a 
primitive  phylum  of  the  Odontophora. 

Scaphopoda.  The  external  cnaracters  of  the  peculiar  larva  of  this 
interesting  group  have  been  fully  worked  out  by  Lacaze  Duthiers 
(No.  286). 

The  segmentation  is  unequal  and  conforms  to  the  usual  moUuscan 
type.  At  its  close  the  embryo  becomes  somewhat  elongated,  and 
there  appears  on  its  surface  a  series  of  transverse  ciliated  rings.  As 
soon  as  these  become  formed  the  larva  is  hatched,  and  swims  about 
by  means  of  it^  cilia.  Six  ciliated  bands  are  formed  in  all,  and  in 
addition  a  tuft  of  cilia  is  formed  in  a  depression  at  the  anterior 
extremity. 

The  larva  thus  constituted  is  very  different  in  appearance  to  the 
larvae  already  described,  and  its  parts  very  difficult  to  identify ;  the 
next  stages  in  the  development  sliew  however  that  the  whole  region  of 
the  body  taken  up  by  the  ciliated  rings  is  part  of  the  velar  area, 
while  the  small  papilliform  region  behind  is  the  post- velar  part  of  the 
embryo.  This  latter  part  grows  rapidly,  and  at  the  same  time  the 
ciliated  rings  become  reduced  to  four;  which  gradually  approach  each 
other,  while  the  region  on  which  they  are  placed  grows  in  diameter. 
The  rings  finally  unite,  and  form  a  single  ring  on  a  projecting  velar 
ridge.  In  the  centre  of  this  ring  is  placed  the  terminal  tuft  of  cilia 
on  a  much  reduced  prominence. 

By  the  time  that  these  changes  have  been  effected  in  the  velum, 
the  post-velar  part  of  the  embryo  has  become  by  far  the  largest 
section  of  the  embryo,  so  that  the  velum  forms  a  projecting  disc 
at  the  front  end  of  an  elongated  body.  The  mantle  is  formed  as 
two  lateral  outgrowths  near  the  hinder  extremity  of  the  body  which 
leave  between  them  a  ventral  groove  lined  by  cilia ;  on  their  dorsal 
side  is  formed  a  delicate  shell.  The  mantle  lobes  continue  to  grow, 
and  by  the  time  the  above  changes  in  the  velum  are  effected  they  meet 
and  unite  in  the  ventral  line  and  convert  the  groove  between  them 
into  a  complete  tube  open  in  front  and  behind.  A  stream  of  water 
is  driven  through  this  tube  by  the  action  of  the  cilia.  The  shell,  which 
is  at  first  disc-shaped  like  the  shell  of  other  moUuscan  larvae,  moulds 
itself  upon  the  mantle  and  is  so  converted  into  a  tube.  At  the  front 
end  of  the  mantle  tube,  which  does  not  at  fii-st  cover  the  velum,  there 
is  formed  the  foot.  It  arises  as.  a  protuberance  of  the  ventral  wall  of 
the  body,  which  rapidly  grows  forwards,  becomes  trilobed  as  in  the 
adult,  and  ciliated. 

On  the  completion  of  these,  changes  the  larva  mainly  differs 
in  appearance  from  the  adult  by  the  projection  of  the  velum  be- 
yond the  edge  of  the  shell.  The  velum  soon  however  begins  to 
atrophy ;  and  the  larva  sinks  to  the  bottom.  The  mantle  tube  and 
shell  grow  forward  and  completely  envelop  the  velum,  which  shortly 
afterwards  disappears.  The  mouth  is  formed  on  the  ventral  side 
of  the  velum  at  the  base  of  the  foot ;  at  its  sides  arise  the  peculiar 
tentacles  so  characteristic  of  the  adult  Dentalium. 
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Lamellibranculata. 

The  larvas  of  Lamellibranchiata  have  in  a  general  way  the  same 
characters  as  those  of  Gaeteropods  and  Pteropods.  A  trocliosphere 
stage  with  a  vehim  but  without  a  shell  is  succeetied  by  a  veliger 
stage  with  a  still  more  developed  veluin,  a  dorsal  shell,  and  a  Tcntra] 
foot. 

The  segmentatioD  is  unequal,  and  in  a  general  way  like  that  of 
Gasteropoda,  but  the  specially  characteristic  Gasteropodati  type  with 
four  large  yolk  spheres  is  only  known  to  occur  in  Pistdium,  and  a  type 
of  aegmentatioa  similar  to  that  of  Anodon  (p.  82)  appears  to  be  tne 
most  frequent 

There  is  an  epibolic  or  embolic  gastrula,  but  the  further  history 
of  the  formation  of  the  germinal  layers  has  been  worked  out  so 
imperfectly,  and  for  so  few  types,  that  it  is  not  possible  to  make  gene- 
ral statoments  about  it.  What  is  known  on  this  head  is  mentioned 
in  comiection  with  the  description  of  the  development  of  special 
types, 

Tlie  blastopore  in  some  cases  closes  at  the  point  where  the  onus 
(Pisidium),  and  probably  in  other  cases  where  the  mouth,  is  eventually 
formed.  In  Anodon  it  is  stated  to  close  at  a  point  corresponding 
neither  with  the  mouth  nor  the  anus,  but  on  the  dorsal  surface ! 

The  embryo  assumes  a  somewhat  oval  form,  and  in  the  free 
marine  forms  there  appears  very  early  in  front  of  the  mouth  a  wcU  de- 
veloped velum.  This  is  formed  acconling  to  Lovt?n  from  two  papiltte, 
and  takes  the  form  of  a  circular  ridge  armed  with  long  cilia.     In  the 


Fin.  117.     Tbuk  btaue 
Ay.  hypoblul;  b.  foot; 
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centre  of  the  velar  area  there  is  usually  present  a  single  long 
Hagellum  (fig.  H7  B  and  C).     The  velum  never  becomes  bilobed. 

In  the  later  stages,  after  the  development  of  the  shell,  the  velum 
becomes  highly  retractile  and  can  bo  nearly  completely  withdrawn 
witliin  the  mantle  by  special  musclea  It  forms  the  chief  organ  of 
locomotion  of  the  free  larva. 

In  some  fresh-water  forms,  which  have  no  free  larval  existence,  the 
velum  is  very  much  reduced  (Anodon,  Unio,  Cycl&s)  or  even  aborted 
(Pisidium).     In  these  fonn»)  as  well  as  in  Teredo  and  probably  other 
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e  Tomm  {eg,  OstreaJ  the  ceatnd  flugulluni  is  absent.    It  has  been 

■  suggested  by  Luven,  though  withuut  any  direct  evidence,  that  the 
llabial  tentacles  of  adult  LamelJibratichiata  are  the  remain!)  of  the 

■  Telum.  Tiie  velar  area  is  in  any  case  the  only  representative  of  the 
head.  In  some  niajine  forms  a  general  covering  of  cilia  arises  before 
the  formation  of  tbe  velum '.  and  in  Montacuta  and  other  types  there 
is  developed,  as  in  many  Gasteropoda,  a  circum-aoal  patch  of  cilia. 

A  shell-gland  appears  at  a  very  early  period  on  the  dorsal  surface 
in  Fisidium,  Cyclas  and  Ostrea,  and  probably  in  most  marine  forms 
(fig.  118,  shx).  It  is  somewhat  saddle-shaped,  and  formed  of  elon- 
gated non-ciliated  cells  bounding  a  groove.  It  flattens  out  and  nu 
its  surface  is  formed  the  shell,  which  appears  usually  to  have  the  foim 
of  an  un])aired  saildle- shaped  cuticle,  on  the  two  sides  of  which  the 
valves  are  subsequently  formed  by  a  deposit  of  calcareous  salts.  In 
Fisidium  the  two  valves  are  stated  by  Lankester  to  be  at  first  quit« 
independent  and  widely  separated,  and  it  has  been  suggested  by  Lan- 
kester. though  not  proved,  that  the  ligament  of  the  shell  is  developed 
in  the  median  part  of  tbe  groove  of  the  shell-gland. 

The  mantle  lobes  are  developed  as  lateral  outgrowths  of  the  body: 
ley  usually  have  a  cousiderable  extension  before  they  are  covered 
iby  the  shell.  In  Auodon  and  Unio  the  larval  mantle  lobes  are, 
however,  formed  in  a  somewhat  exceptional  way,  and  are  from  the 
first  completely  covered  by  the  valves  of  the  larval  shell.  The  larval 
mantle  lobes  and  shell  in  Anodon  and  Unio  are  subsequently  re- 
placed by  the  permanent  structures. 

fThe  adductor  muscles  are  farmed  soon  after  the  appearance  of  the 
lelL  The  posterior 
imetimes  appears  first. 
\.g.  Mytilus,  and  at 
other  times  the  ant«- 
ir,  e.g.  Cardium. 
The  foot  arises  in 
the  usual  way  as  a 
prominence  between 
tbe  mouth  and  anus. 
In  comparison  with 
Gasteropoda  it  is  late 
in  appearing,  and  in 
many  cases  does  not 
become  prominent  till 
the  shell  has  attained 
a  considerable  size.  In 
its  hinder  part  a  pro- 
visiooal  mired  bjMus-  p_^  j,„    ^^ 

gland  18  developed  from     Lankenter. ) 
the   epidermis  in  Oy-         /.  foot;    m. 
and  other  forms.     Btomadi ;  pi.  ioi 
whereases,  e.g.  My- 
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tilus,  the  byssus-gland  is  permanent.  The  byssus-gland  occupies 
very  mucli  the  position  of  the  Gasteropod  operculum,  and  would 
appear  very  probably  to  correspond  with  this  organ.  The  anterior 
part  of  the  foot  is  usually  ciliated. 

The  gills  appear  rather  l^te  in  larval  development  along  the 
base  of  the  foot  on  either  side,  between  the  mantle  and  the  foot  (fig. 
120,  6r).  They  arise  as  a  linear  row  of  separate  ciliated  somewhat 
knobbed  papillae.  A  second  row  appears  later.  The  two  rows  give 
rise  respectively  to  the  two  gill  lamella?  of  each  side. 

The  further  Ijistory  of  the  development  of  the  gills  Las  l)oen  studied  by 
Lacazo  Duthiers  (No.  297)  in  Mytilus.  The  first  row  of  gill  papillas  formed 
becomes  the  iimcrmost  of  the  two  lamellie  of  the  adult.  The  number  of 
papillft}  goes  on  increasing  from  befoi*e  backwards.  When  al>out  eleven 
have  been  formed,  their  somewhat  swollen  free  extremities  unite  together, 
the  basal  portions  l)eing  separated  by  slits. 

The  free  limb  is  foimcil  by  the  free  end  of  the  gill  lamella  bending 
upon  itself  towards  the  inner  side  and  growing  towards  the  line  of  at- 
tachment of  the  lamella.  The  free  limb  is  at  first  not  composed  of 
separate  bars,  hut  of  a  continuous  membrane.  Before  tliis  membrane  has 
grown  very  wide,  perforations  are  formed  in  it  corresponding  to  the  spaces 
between  the  bars  of  the  attached  limb. 

Tlie  outer  gill  lamella  develops  in  precisely  the  same  way  as,  but  some- 
what later  than,  the  inner.  Tlie  rudimentH  of  it  appear  when  about  twenty 
papilla)  of  the  inner  lamella  are  formed.  Its  first  papilla;  are  formed  near 
the  hind  border  of  tlie  iimer  lamella,  and  new  papilba  are  added  both  in 
front  an<l  behind     Its  free  limb  is  on  the  outer  side. 

In  My  til  us  the  two  limbs  (free  and  attached)  of  each  bar  of  the  gill 
HTe  joineil  at  wide  intervals  by  extensile  processes,  the  *  inter-lamt;lhir 
junctions,'  and  the  successive  biux  are  attached  together  by  ciliated  junc- 
tions. In  many  otlier  types  the  concrescenccH  between  the  various  pai-ts  of 
the  gills  are  carried  much  further;  the  maximum  of  concrescence  being 
perhaps  attained  in  Anodon  and  Unio'. 

Large  paired  auditory  sack.s  seem  always  to  be  developed  in  the 
foot ;  and  clearly  correspond  with  the  auditory  sacks  in  (jiusteropodo. 

Eyes  are  frequently  present  in  the  larva,  though  they  disappear 
in  the  lulult.  In  Montacuta  and  other  types  a  piir  of  these  organs 
is  formed  at  the  base  of  the  velum  on  each  side  of  the  cesopha- 
gus,  not  far  fr»)m  the  auditory  sacks.     They  are  provided  with  a  lens. 

A  row  of  similar  organs  is  present  in  the  larva  of  Teredo  in  front 
of  the  foot 

Cardimn.  As  an  example  of  a  marine  Ijaniellibranchiate  I  may  take 
Cardium  pygmtuitna,  the  development  of  which  has  been  studied  by  Lov^n 
(No.  291).  The  ova,  surrounded  by  a  thickish  capside,  are  iinpn»gnated  in 
the  cloaca.  The  segmentation  takes  plact;  much  as  in  Nassa  {vuh  p.  83),  and 
the  small  s<'gmentd  gradually  envelop  the  large  hy{)oblast  spheres;  so  that 
there  would  weiii  to  be  a  gastrula  by  epilK)le.  After  the  hypoblast  has 
becomes  enveloiKHl  by  the  epiblast,  one  side  of  the  embryo  is  somewhat  flat- 

»  R.   n.   INvk.   "GilUof   Lunicllibranch    Molluuca."     Quart,  J,  of  M.   Science, 
Vol.  XVII.     1877. 


MOLLUSCA.  217 

tened  and  marked  by  a  deepish  depression  (fig.  117  A).  From  Lov^n*s 
description  it  appears  to  me  prolxible  that  the  depression  on  the  flattened 
side  occupies  the  position  of  the  blastopore,  and  that  the  depression  itself 
is  the  stomodffium.  At  this  stage  the  embryo  becomes  covered  with  short 
cilia  which  cause  it  to  rotate  within  the  egg-capsule. 

Close  above  the  mouth  there  appear  two  small  ]mpillfe.  These  gradually 
separate  and  give  rise  to  a  circidar  ridge  covered  with  long  cilia,  which 
encircles  the  embryo  anteriorly  to  the  ventrally-placed  mouth.  This 
structure  is  the  velum.  In  its  centre  is  a  single  long  flagellum  (fig.  117  B). 
Shortly  after  this  the  shell  appears  as  a  saddle-shaped  structure  on  the 
hinder  part  of  the  dorsal  surface  of  the  embryo.  It  is  formed  at  first  of 
two  halves  which  meet  behind  without  the  trace  of  a  hinge  (fig,  117  C). 
The  two  valves  rapidly  grow  and  partially  cover  over  the  velum,  and  below 
them  the  mantle-folds  soon  sprout  out  as  lateral  flaps. 

The  alimentary  tract  has  by  this  time  become  diflerentiated  (fig.  117  C). 
It  consists  of  a  mouth  (m)  and  ciliateil  oesophagus  probably  derivtHl  from 
the  stomodseum,  a  stomach  and  intestine  derived  from  the  time  hyi>oblast, 
and  an  hepatic  organ  consisting  of  two  separate  lobes  opening  into  the 
stomach.  The  anus  {an)  ap[>ears  not  far  behind  the  mouth,  and  between 
the  two  is  a  very  slightly  developed  rudiment  of  the  foot  (6).  The  anterior 
adductor  muscle  {cm)  appears  at  tliis  stage,  though  the  posterior  is  not 
yet  diflerentiated. 

The  larva  is  now  ready  U>  be  hatched,  but  the  further  stages  of 
its  development  were  not  followed. 

Ostrea.  The  larvfe  of  Ostrea,  figured  by  Salensky  (No.  293),  shew  a 
close  resemblance  to  those  of  Cardium.  The  velum  is  however  a  simple 
ring  of  cilia  without  a  central  flagellum.  The  proctodieum  would  appear  to 
be  formed  later  than  the  stomodaeum,  and  the  earliest  stage  figured  is 
too  far  advanced  to  throw  light  on  the  position  of  the  blasto])ore. 

Fisidinm*  The  development  of  Pisidium  has  been  investigated  by 
Lankester  (No.  239).  The  ovum  is  invested  by  a  vitelline  membrane  and 
undnrgoes  development  in  a  brooil-pouoh  at  the  base  of  the  inner  gill 
lamella. 

The  segmentation  commences  by  a  division  into  four  equal  spheres, 
each  of  which,  as  in  so  many  other  Mollusoa,  then  gives  rise  by  budding  to 
a  small  sphere.  The  later  stages  of  segmentation  have  not  been  followed 
in  detail,  but  the  result  of  segmentation  is  a  blastosphere.  An  invagina- 
tion, presumably  at  the  lower  pole,  now  takes  place,  and  gives  rise  to  an 
archenteric  sack. 

The  embryo  now  rapidly  grows  in  size.  The  blastopore  l)ecomc8 
closed  and  the  archenteric  sack  forms  a  small  mass  attar;hed  at  one  point 
to  the  walls  of  the  embryonic  vesicle  (fig.  119,  hy).  In  the  space  be- 
tween the  walls  of  the  archenteron  and  those  of  the  embryonic  vesicle 
stellate  mesoblast  cells  make  their  appearance,  derived  in  the  main  from 
the  epiblast,  though  probably  in  ])art  also  from  the  hy{)oblastic  ve&icle 
{vide  fig.  119  C,  p).  The  cavity  between  tlie  hypoblast  and  epiblast, 
which  contains  those  cells,  is  the  body  cavity.  Fig.  Wj  represents  three 
views  of  the  embryo  at  this  stage.  A  is  a  siirtace  view  shewing  tlie 
epiblast ;  B  is  an  optical  section  tlirough  the  me<lian  plane  shewing 
tlie  hypoblast  and  some  of  the  mesc»bhist  cells ;  and  0  is  an  optical  section 
shewing  the  mesoblast  cells.     A  ])rominonce  on  one  side  of  the  embryo 


2 1 8  LAMELLIBRA  A'CffIA  TA . 

now  devolopn  which  forma  the  commencement  of  the  foot,  and  the  archen- 
teric  sack  growa  out  at  it«  free  extremity  into  two  lobea,    but  reniain» 


Vm.  119.    TiiBKr    vinws   or    as    r.HitRio  of   Pibiuh 
ci»ti[TBK  or  TiiE  ni^ABTOroRR.    (Aiter  LaiilteBCtr,) 

A.  Tipw  friim  the  Rnrfnce. 

B.  nfitiral  ncclion  tliroiiKli  tliG  m«1ian  pliinc. 

C.  Oiitical  KMtion  thtoiifib  a  pUnc  a  little  below  ths  Rurtao-. 

rp.  rpiblant;  nw.  ni(«ob]iut;  liy,  hypablut;  p.  cells  appnimlly  bnildiiiR  bom  th« 
hj-poLlant  to  fonn  mcnoblostic  clemcntB. 

attnchi-<l  to  the  Pjiibljuit  by  an  inijirrfi irate  i*<liclp.  The  next  organ  Ui  A\i\W9T 
IH  the  HtonioilKiuu.  It  arincH  an  a  cilinted  r|iibliuitii:  itigrowtli  which  meelK 
th<i  free  end  of  the  archeiitfric  sack,  fuacs  with  it,  and  Hhortly  aft^^r- 
wanlii  openit  into  it  (fig.  118,  j>/i).  Between  the  ninuth  and  the  at- 
tachment of  the  enteric  pedicle  is  placiil  the  fimt  (/},  which  becomen 
ciliated.  f>n  the  donwl  Hide  of  the  enteric  |>e<licle  there  aj)peKn<  a  saddle' 
Hhape«l  {wtch  of  epiblast  ccIIh  )>oandiug  the  nidea  of  a  |,rroove  (shg).  Thia 
ia  the  nidimeiit  of  the  aheil-ftlaud. 

The  enteric  ikhUcIc,  or  inteatine  aa  it  may  now  be  called,  aoon 
arqitircM  a  luini'ii,  thoujih  atill  imperforate  at  ita  tenninntion  where  the 
anuH  is  eventually  formird.  Ventral  to  the  inteatino  ia  plncnl  a  niaaa  of 
cells  -the  nidiniint  of  llie  organ  of  Bujanua.  It  ia  alattil  to  Ijo  de. 
veli>[>eil  aa  nil  injirowth  of  the  ejii)>]aat 
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;  B.  orgBJi 


In  a  slightly  Inter  ntjige  the  shell  gUntl  rapidly  iucreaBeR  in  size  anil 
flattens  out,  and  on  the  two  aicles  of  it  there  ajiiiear  tho  rudiments  ot  the 
two  valves,  which  are  at  first  quite  distinct,  and  separated  by  a  considerable 
interval  {fig.  \20).  Before  the  appearance  of  the  valves  of  the  shell,  the 
mantle  folds  have  already  grown  out  from  the  sides  of  the  body, 

At  a  somewhat   later  stage  the   gills  ' 

appear  as  a  linear  series  of  small  inde- 
pendent buds  within  the  folds  of  the  mantle 
behind  the  foot  (fig.  120,  br).  The  an- 
torior  adductor  also  becomen  difiereDtiated. 

The  alimentary  tract  in  the  meuntinie 
has  undergone  considerable  changes.  The 
primitive  lateral  lobes  dilate  enormoualy 
and  become  ciliated.  At  a  still  later  stage 
their  walls  undergo  peculiar  changes,  the 
nature  of  which  is  somewhat  obscui-e,  but 
they  appear  to  me  to  be  of  the  same  cimrnf 
ter  as  those  in  many  Fteropods  and  (las 
teropods,  where  the  cells  of  the  hepniic 
diverticula,  to  which  the  lobes  of  Pisidiiim 
apparently  correspond,  become  filled  with 
an  albuminous  material. 

The  later  stages  in  Pisidium  have  not     (Copied  Irom  Lonkeater.) 
been  followed. 

It   is  remarkable  that  in  Ptsidiu 
TeUger  stage  does  not  occur.     This  ia  pro- 
bably due  to  the  development  taking  place  within  the  Ijrood-pouch.     The 
l&te   development  of  the   otocysts  is  also   remarkable.      A   byssui-gland 
ms  not  formed  up  to  the  stage  observed.     In  Cyolan  calyculata  (Schmidt), 
fe  byssuB-gland  also  appeara  to  be  absent. 

CydaB.  The  development  of  Cyclas  aa  described  by  Von  Jhering 
is  very  unlike  that  of  Pifiidium,  and  the  differences  would  seem  to  be 
too  groat  to  be  accounted  for  except  by  errors  of  observation. 

The  segmentation  of  Cyclas  is  similar  to  that  of  Anodon  {vide  p.  82), 
and  a  masG  of  large  cells  enclosed  by  the  smaller  cells  gives  rise  to  the 
hypoblast.  In  the  interior  of  this  mass  there  appeare  a  lumen,  and  a  pro- 
cess from  it  grows  towards  and  meets  the  epiblast,  and  gives  rise  to 
the  oBHophaguB  and  mouth, — a  mode  of  development  of  these  parte  without 
parallel  amongst  MoUusca.  A  very  rudimentary  velum  would  appear, 
according  to  Leydig  (No.  290),  to  be  developed  st  the  cephalic  extremity. 
A  shell-gland  is  formed  of  the  aame  character  as  in  Gastprojwds.  Accord- 
ing to  Leydig  the  shell  ap|>ear9  aa  a  single  saddle-like  structure  on  the 
dorsal  surface;  the  lateral  parts  of  this  become  calcified,  and  give  rise 
to  the  two  valves,  but  are  united  in  the  middle  by  the  membranous  median 
portion.  At  the  two  sides  of  the  body  the  mantle  lobes  are  formed,  as  in 
Pbidium. 

Very  shortly  after  the  formation  of  the  shell  the  byssuB-gland  appears 
as  a  pair  of  small  follicles  in  the  hinder  pait  of  the  foot.  It  rapidly  grows 
larger  and  becomes  a  pnireil  pyriform  gland,  in  which  are  secreted  the  byssus 
threads  which  serve  to  attach  all  the  embryos  at  a  common  point  to  the 
walls  of  the  brood-pouch. 
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Tho  foot  is  large,  and  ciliated  anteriorly.     Otolithic  sacks  and  peda 
ganglia  are  developed  in  it  very  earlj. 

UniOii  The  ovnm  of  Anodonta  and  Unio  is  enveloped  in  a  vitelline 
membrane,  the  surface  of  which  is  raisod  into  a  projecting  tninipet-like 
tube  perforated  at  its  extremity  (fig.  12).  This  structure  is  the  micropyle. 
The  micropyle  disappears  in  Anodonta  piscinalis  when  the  egg  is  ripe, 
but  in  (Jnio  persists  during  the  whole  development  Tho  ova  are  trans- 
ported, in  a  manner  not  certainly  made  out,  into  the  space  l)etween  the  two 
limbs  of  the  outer  gills  of  the  mother,  and  there  undergo  their  early  de- 
velopment. Tlie  animal  or  upper  pole  of  the  egg  is  placed  at  the  pole 
opposite  to  the  micropyle. 

The  segmentation  is  unequal  (vide  p.  82)  and  results  in  the  formation 
of  a  blnstosphere  with  a  large  segmentation  cavity.  Tlie  greater  part  of 
the  circumference  of  the  egg  is  forme<l  of  small  uniform  spheres,  but  the 
lower  (with  reference  to  the  segmentation)  pole  is  taken  up  by  a  single  large 
cell.  The  small  spheres  become  the  epiblast,  and  the  large  cell  gives  rise 
to  hypoblast  and  meaoblast\ 

The  single  large  cell  next  divides  into  two,  and  then  four,  and  finally  into 
about  ten  to  fifteen  cells.  These  cells  form  an  especial  area  of  more  granular 
cells  than  the  other  cells  of  the  blastosphere.  Most  of  them  are  nearly  of 
the  same  size,  but  two  of  them  (according  to  Rabl),  in  contact  with  each 
otlier,  but  placed  on  the  future  right  and  left  sides  of  the  embryo,  are 
considerably  larger  than  the  remainder.  These  two  cells  toon  pass  into  the 
cavity  of  the  blastosphere,  while  at  the  same  time  the  area  of  granular  cells 
becomes  flattened  out,  and  then  becomes  involuted  as  a  small  sack  with  a 
transversely  elongated  op<rning,  which  does  not  nearly  fill  up  the  cavity  of 
the  blastosphere.     This  involuted  sack  is  the  archeuteron. 

The  two  large  cells,  which  lie  in  immediate  contact  with  what,  following 
Rabl,  1  shall  call  the  anterior  lip  of  the  blastopore,  next  bud  off  small 
cells,  which  first  form  a  layer  covering  the  walls  of  the  archenteron,  but 
sulMequently  develop  into  a  network  filling  up  the  whole  cavity  of  tho 
primitive  blastosphere.  The  space  between  these  cells  is  the  primitive 
Ixxly  cavity.  For  a  long  time  the  two  primitive  mesoblast  ccJls  retain 
their  pr(^i)ondeniting  sizi^'.  At  the  hinder  end  of  the  Inxly,  and  at  the 
end  opposite  then^fore  to  thc^  two  nie^oblost  cells,  are  placi^l  three  esi)ecially 
large  epihhist  cells. 

In  Anodonta  and  Unio  tumidus  tliore  appears  at  this  i)eriod  a  patch  of 
long  cilia  at  the  ant(*rior  end  of  the  lK>dy.  These  ci'ia  cause  a  rotation  of 
the  embrj'o  and  would  appear  to  be  the  velum.  In  Unio  pictorum  they 
do  not  ap]>ear  till  much  later. 

Inmie<liately  following  this  stage  the  changes  in  the  embryo  take  place 
with  great  rapidity.  In  the  first  place  a  special  mass  of  mesoblast  cells 
appears  at  the  hind(n*  end  of  the  archenteric  sack ;  and  liecoming  elongated 
transversely  gives  rise  to  the  single  adductor  muscle.  On  the  subsequent 
formation  of  tho  sliell  the  muscle  becomes  ins(»rted  in  its  two  valves. 
The  blastopore  next  becomes  closcil,  and  the  small  ai-chenteron  grows  for- 

'  The  aoconnt  of  the  remainder  of  the  deTclopmcnt  till  the  lar\'a  becomes  hatched 
Ifl  taken  from  liabl,  No.  192. 

'  In  thiH  description  I  follow  BabFri  nomenclature.  According  to  his  Htatements  tho 
Tentral  yKxi  of  tlie  body  is  the  originnl  animal  pole — the  dorsal  the  lower  ])ole ;  the 
anterior  end  the  mesoblastic  side  of  tho  opening  of  invagination. 
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-wards  till  it  meets  the  epiblast  anteriorly,  and  at  the  same  time  detaches 
itself  from  the  epiblast  in  the  region  where  the  blastopore  was  placed. 
Where  it  comes  in  contact  with  the  wall  of  the  body  in  front  a  small 
epiblastic  invagination  arises,  which  meets  and  opens  into  the  archenteric 
sack  and  forms  the  permanent  mouth. 

While  these  changes  have  been  taking  plcu^  the  shell  is  formed  as  a 
continuoas  saddle-shaped  plate  on  the  dorsal  surface.  From  this  p]ate  the 
two  valves  are  subsequently  differentiated  On  the  dorsal  surface  they 
meet  with  a  straight  hinge-line.  Each  valve  is  at  first  rounded,  but 
subsequently  becomes  triangular  with  the  hinge-line  as  base.  The  valves 
are  not  quite  equi-sided,  but  the  anterior  side  is  less  convex  than  the 
posterior.  At  a  later  period  a  beak-shaped  organ  is  formed  at  the  apex 
of  each  valve  in  the  same  manner  as  the  remainder  of  the  shell.  This 
organ  is  placed  at  about  a  right  angle  with  the  main  portion  of  the  valve. 
It  is  pointed  at  its  extremity  and  bears  numerous  sharp  spines  on  its  outer 
side,  which  are  especially  large  in  the  median  line  {pide  fig.  121  A). 
It  is  employed  in  fixing  the  larva,  after  it  is  hatched,  on  to  the  fish  oa 
which  it  is  for  some  time  parasitic.  The  shell  is  perforated  by  numerous 
pores. 

After  the  shell  has  become  formed  a  new  structure  makes  its  appearance 
which  is  known  as  the  byssus-gland.  It  is  developed  as  an  invagination  of 
the  epiblast  at  the  hinder  end  of  the  body :  Habl  was  unable  to  determine 
whether  it  was  formed  from  the  three  large  epiblastic  cells  present  there  or 
no.  It  subsequently  forms  an  elongated  gland  with  three  ceils  or  so 
round  the  adductor  muscle  on  the  left  side  of  the  body,  but  opening  in  the 
median  ventral  lin&  It  secretes  an  elongated  cord  by  which  the  larva 
becomes  suspended  after  hatching. 

For  some  time  the  ventral  portion  of  the  body  projects  behind  the  ends 
of  tSe  valves  of  the  shell,  but  before  these  are  completely  formed  a  median 
invagination  of  the  body  wall  takes  place,  which  obliterates  to  a  largo 
extent  the  body  cavity,  and  gives  zise  to  two  great  lateral  lobes,  one  for 
each  valve.     These  lobes  are  the  mantle  lobes. 

Before  the  mantle  lobes  are  fully  formed  peculiar  sense-organs,  usually 
four  in  number,  make  their  api>earance  on  each  lobe.  Each  of  them  con- 
sists of  a  columnar  cell,  bearing  at  its  free  end  a  cuticle  from  which 
numerous  fine  bnstles  proceed.  Covering  the  cell  and  the  parts  adjoining 
it  is  a  delicate  membrane  perforated  for  the  passage  of  the  bristles.  The 
largest  and  first  formed  of  these  organs  is  placed  near  the  anterior  and 
dorsal  part  of  the  mantle.  The  three  othei-s  are  placed  near  the  free  end  of 
the  mantle  {vide  fig.  121  A).  These  organs  probably  have  the  function 
of  enabling  the  larva  to  detect  the  passage  of  a  fish  in  its  vicinity,  and 
to  assist  it  therefore  in  attaching  itself.  When  the  embryo  is  nearly 
ripe  there  appears  immediately  ventral  to  and  behind  the  velum  a  shallow 
pit  on  each  side  of  the  middle  line,  and  the  two  pits  ap[>ear  to  be  connected 
by  a  median  transverse  bridge.  These  structures  have  been  the  cause  of 
great  perplexity  to  different  investigatoi*s,  and  theii*  meaning  is  not  yet 
clear.  According  to  Rabl  the  median  structui*e  is  the  somewhat  bilobed 
archenteron,  and  according  to  his  view  it  is  not  really  connected  with  the 
latei'aUy  placed  pits.  The  cilia  of  the  velum  overlie  these  latter  structures 
and  make  theui  appear  as  if  their  edges  wore  ciliated.  They  are  regarded 
by  Rabl  as  the  rudiments  of  the  nervous  system. 
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Witli  the  develojiment  of  the  shell,  the  mantle,  and  the  sense-orguna, 
the  fouug  mussel  reaches  ita  full  larval  development,  and  ia  now  known  a» 
H  Glochidium{Fig.  121  A). 

If  the  parent,  with  tilochidia  in  its  gills,  ia  placed  in  a  tank  with  fiah, 
it  very  eoou  (aa  I  have  found  from  nuineroua  experiments)  ejects  the  Isrvw 
from  its  gilla,  and  aa  soon  oa  thia  occurs  the  larvra  become  free  from  the 
egg- niemb race,  attach  themselves  by  the  bysaua-oord,  and  when  auapended 
in  this  poaitioa  continually  close  and  ojxin  their  shells  by  the  controctiou 
of  tlie  adductor  muscle.  If  the  muasela  are  not  placed  in  a.  tank  with  fiali 
the  larvie  may  remain  for  a  long  time  in  the  gills. 


Fio.  131. 

A.     OLOCeiDtUM   HtMBDUTKLT   IT 

aiL    adJnctori  th.  ihell;  b^.  bydsua  cord ;  «. 
B,    QuKBluiUM  una  it  has  dern  on  ' 
br,  biujchiie:  au.v.  auditory  sack: /.  foot;  a 
■ddaotare;  al.  meaeuteroa;  rM.  mtuitle. 


.  ad.  and  p.  ad.  anterior  and  poMerior 


Before  passing  on  to  state  what  ia  known  with  reference  t«  the  IftTval 
motamorphoaia,  it  may  be  well  to  call  attention  to  certain,  and  to  my 
luind  not  inconsiderable,  difficulties  in  the  way  of  accepting  in  all  particulars 
Kabl'B  account  of  the  development. 

in  nil  Uuat«Topod  MoUusoa  the  lower  or  vegetative  pole  of  the  ovnm  is 
vniitral,  not  dor>al  na  Ilitbl  would  make  it  in  Unio.  Ttie  blasto]K)i'e  in  othor 
Molluscs  iklways  ctiinciiUui  either  with  the  mouth  or  anus,  or  extends  between 
the  two.  The  nurface  on  which  the  foot  is  formed  ia  the  ventral  surface. 
On  the  doranl  aurfnce  are  placed,  {1}  the  return  near  the  month,  (2)  the 
ahell-ghuid  neur  the  unua.  In  Anodon  the  velum  u  placed  just  doraal  to 
the  mouth,  then  accordiug  to  Rabl  follows  the  blastopore,  and  in  the  re^on 
of  the  blastopore  is  formed  the  shell.  The  blastopore  is  thert'fore  dorsal  in 
position.  It  occupies  in  fact  the  ordinary  place  of  the  shell-gland,  and 
looka  very  much  like  this  organ  (which  ia  not  otherwise  present  in  Anodon 
and  Uuio).  Withoat  neoeasarily  considerutg  Rabl's  interpretations  false, 
I  think  that  the  above  difficultiea  should  have  been  at  any  rate  discussed  in 
hia  paper.  More  esjucially  ia  this  the  case  whei)  there  is  no  doubt  that 
Itabl  has  mode  in  hia  [ia]>er  on  Lymneua  a  oonfiiMiDn  between  the  mouth 
and  the  ahell-gLind. 

Investigations  on  the  post- embryonic  metamorphosis  of  (llochidinm 
have  been  made  by  Braun  (No.  187),  and  several  year«  ago  I  made  a  seiiiw 
of  observations  on  this  subj<>ct,  the  result*!  of  which  agree  in  inoHt  p<Hnta 
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with  tliose  of  Bniuii.  I  wua  however  unsuGce.ssfiil  in  carn'iiig  on  luy 
observutious  till  the  joung  musHel  lefl  its  lioet. 

Hie  free  Glochidia  very  soon  attnch  tLpmselves  to  the  gilla,  fins,  or 
other  parts  of  tish  whioh  are  placed  in  tJie  tank  coHtikining  them;  after 
uttauhmeat  they  become  covered  by  a  growth  of  the  epiiierinic  cells  of 
their  host,  and  undergo  their  metamoiphoeis. 

Tlie  lii-Bt  change  tiiiit  takes  place  is  tlie  disappearance  of  the  bysHUs  and 
the  byasus  organ.  This  occurs  very  soon ;  shortly  afterwarda  all  traces  of 
the  velum  and  spnse  organs  also  become  loat. 

At  the  time  of  the  itisappearonue  of  these  bodies,  at  the  point  of  the 
projection  from  which  the  byssuB  coi-d  nroso,  and  very  posaibly  from  tliia 
very  projection,  the  foot  arises  an  a  rounded  process  which  rapidly  grows 
and  soon  becomes  ciliated  (fig.  121  B,/). 

The  single  adductor  muscle  begins  to  atrophy  very  early,  but  before  its 
entire  disappearance  rudiments  ai-e  formed  at  the  two  euda  of  the  hoAj, 
which  at  a  later  period  can  be  distinctly  recognised  as  the  anterior  and 
posterior  adductor  mnsclea  (fig.  121  B,  a.ad  and  p,ad). 

After  tha  forinatiou  of  these  parts  the  gills  arise  as  solid  and  at  firfit 
somewhat  knobbed  papillte  covered  with  a  ciliated  epidermis,  on  each  side  of, 
hut  somewhat  in  front  of  (!)  the  foot  (fig,  121  B,  br).  In  the  foot  there 
soon  appeur  the  auditory  sacks  {ait.  v),  and  the  foot  itself  becomes  a  long 
tongtie-ltke  ciliated  organ  projecting  backwards'. 

The  mantle  lobes  undergo  great  changes,  and  indeed  by  Braun  the 
mantle  lobes  are  stated  to  be  formed  almost  entirely  de  novo.  The  perma- 
nent shell  is  (Brnun)  formed  ou  tlie  dorsal  surface  of  the  still  parasitic 
larva  in  the  form  of  two  small  independent  plates.  I  have  not  followed 
the  changes  of  the  alimentary  caniil,  etc.,  but  at  an  early  stage  there  is 
Tisiblc,  dorsal  to  the  foot,  a  simple  enteric  sack. 

By  the  time  the  larva  loaves  iia  boat  all  the  oiptns  of  the  adult, 
«Kcept  the  generative  organa,  have  become  established. 

The  post. embryonic  develt^ment  of  the  organs  of  Glochidium  is 
aimilar  in  the  main  to  that  of  other  Lamellibranchiata.  This  fact  is  of 
■ome  importance  on  account  of  the  peculiurities  of  tliu  earlier  developmental 
Mages. 

The  byssus  organ,  the  toothed  procmses  of  the  shell,  and  the  sen"e 
oi^ins  of  the  Glochidium  can  hanlly  be  ancestral  rudiments,  but  must  be 
organs  which  have  been  specitilly  developed  for  the  peculiar  mode  of  life 
of  the  Glochidium.  Whether  the  single  muscle  is  to  be  counted  amongst 
such  provisional  organs  is  [>erhaps  a  more  doubtful  [>oint,  but  I  am  inclined 
to  think  thst  it  ought  to  be  so. 

if  however  the  single  muscle  is  an  ancestral  organ,  it  is  important  to 
observe  that  it  entirely  disappears  att  develupment  goes  on  and  the  two 
Ladductor  muscles  in  the  adult  are  developed  imlejiendently  of  it. 

P  '  The  ponition  o(  the  toot  and  b''1»  in  'he  larva  reproBentad  in  Fig.  110  B  wniUJ  be 
*  laaro  normal  if  the  oouvex  and  not  thij  flatter  side  of  Ihe  flbell  were  the  >ateiiar.  I 
h»ve  followed  Rabl  and  Flemming  in  the  delerminutions  of  tlio  aoterior  and  poMerior 
end  of  Ibe  embryo,  but  failed  to  rear  my  iorvn  up  to  a  stORe  at  which  Ihe  preBenee  of 
the  heart  or  some  otbcr  organ  would  dsGnilclj'ooiiflrm  Iheir  interpretation.  I  origiaatly 
adopted  myself  the  other  view,  and  in  case  they  are  raistakcn,  the  Bo-eaUed  velum 
would  be  a  circum-anal  patch  of  cilia,  while  the  po><ition  of  the  primitive  medoblSHt 
mUh  a«  weU  aa  of  the  byst^us  would  better  suit  my  liuw  than  Ibat  adopted  in  the  teit 
on  tbo  anlbority  of  the  above  observers. 
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Oeneral  review  of  the  characters  of  the  Molluscan  larvce. 

The  typical  larva  of  a  Mollusc,  as  has  been  more  especially  pointed 
ont  by  Lankester,  is  essentially  similar  to  the  larva  of  a  number  of 
invertebrate  types,  and  especially  the  Chsetopoda,  with  the  addition 
of  certain  special  organs  characteristic  of  the  Molhisca. 

It  has  a  bent  alimentary  tract,  with  a  mouth  on  the  ventral 
surface  and  a  terminal  or  ventral  anus.  The  alimentary  tract  is 
divided  into  three  regions:  oesophi\gus,  stomach,  and  intestine. 
There  is  a  variously  developed  pra'Oi:al  lobe  witli  a  ring  of  cilia — the 
velum,  and  a  perianal  lobe,  often  with  a  patch  of  cilia  (Paludina, 
etc.).  In  all  these  characters  it  is  essentially  similar  to  a  Cliautopod 
larva.  The  two  characteristic  molluscan  organs  are  (1)  a  foot  be- 
tween the  mouth  and  anus,  and  (2)  an  invagination  of  tlie  epiblast 
on  the  dorsal  side  at  the  hinder  end  of  the  body,  which  is  connectetl 
with  the  formation  of  the  shell. 

The  larvai  of  most  Gasteropoda,  Pteropoda,  and  Lamellibranchiata 
present  no  features  which  call  for  special  remark ;  but  the  larva?  of 
the  Gymnosomata  amcmgst  the  Pteropoda,  and  of  the  Scapliopoda, 
Polyplacophora  and  Cephalopoda  present  interesting  peculiarities. 

The  larvaj  of  the  Gynmosomata  are  peculiar  in  the  presence  of 
three  transverse  ciliated  rings,  situated  behind  the  velum  (Fig.  109). 
These  rings  might  be  reganled  as  indications  of  a  rudimentary  seg- 
mentation; but,  as  already  indicated,  this  view  is  not  satisfactory. 
There  is  every  reason  for  thinking  that  these  rings  have  been 
specially  acquired  by  these  larvie. 

At  first  sight  the  larvm  of  the  Gynmosomata  might  he  supposed 
to  resemble  those  of  the  Scaphopoda,  wliioh  are  also  provided  with 
transverse  ciliated  rings;  but,  as  shewn  above,  the  rings  of  the 
Scaphopoda  are  merely  parts  of  the  ext<}iided  velar  ring. 

Tlius,  the  ciliated  rings  of  the  two  larvu* — so  similar  in  appear- 
ance— are  in  reality  structures  of  entirely  different  values,  being  in 
the  one  ca.se  parts  of  the  velum,  said  in  the  other  special  develop- 
ment's of  cilia  behind  the  velum. 

The  great  j)eculiarity  of  the  early  larva  of  the  Scaphopoda  is  the 
cnonnous  development  of  the  pneoral  lobe,  which  gives  room  for  the 
development  of  the  ciliated  rings.  In  the  presence  of  a  central  tuft 
of  cilia,  at  the  anteri^^r  extremity,  the  larva  of  the  Scaphopoda 
resembles  that  of  the  Lamellibranchiata,  etc. 

The  larva  of  the  Polyj)lacophora  resembles  tliat  df  Lamellibranchiata 
in  its  anterior  flagellum,  and  that  of  the  ScaphojKxla  in  the  large  de- 
velopment of  the  pra'oral  lobe ;  but  is  quite  pecuHar  am<mgst  Mollusca 
in  the  tninsvi?rse  segmentation  of  the  mantle  area, 

Tlie  embryo  of  the  Cephalo|)oda  agrees  very  closely  with  that  of 
nonnal  Odontophora  in  tlie  formation  of  the  manthr  and  (?)  of  the 
shell-gland,  but  is  cpiite  exceptional  (1)  in  the  almost  invariable 
presence  of  a  more  or  less  developed  external  yolk -sack,  (2)  in  the 
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absence  of  a  velum,  (3)  in  the  absence  of  a  median  foot,  and  in  the 
presence  of  the  arms. 

The  presence  of  a  yolk-sack  may  most  conveniently  be  spoken  of 
in  connection  with  the  foot,  and  we  may  therefore  pass  on  to  the 
question  of  the  velum. 

The  velum  is  one  of  the  most  characteristic  embryonic  appendages 
of  the  Mollusca,  and  its  absence  in  the  Cephalopoda  is  certainlv  very 
striking.  By  some  investigators  the  arms  have  been  regaraed  as 
representing  the  velum,  but  considering  that  they  are  primitively 
placed  on  the  posterior  and  ventral  side  of  the  mouth,  and  that  the 
velum  is  essentially  an  organ  on  the  dorsal  side  of  the  mouth,  this 
view  cannot,  in  my  opinion,  be  maintained  with  any  plausibility. 

Various  views  have  been  put  forward  with  reference  to  the 
Cephalopod  foot.  Huxley's  view,  which  is  the  one  most  generally 
adopted,  is  given  in  the  following  quotation*. 

"  But  that  which  particularly  distinguishes  the  Cephalopoda  is  the 
''  form  and  disposition  of  the  foot.  The  margins  of  this  organ  are,  in 
"  fact,  produced  into  eight  or  more  processes  termed  arms,  or  brachia; 
"  and  its  antero-lateral  portions  have  gi'own  over  and  united  in  front 
"  of  the  mouth,  which  thus  comes,  apparently,  to  be  placed  in  the 
"  centre  of  the  pedal  disk.  Moreover,  two  muscular  lobes  which  corre- 
"  spend  with  the  epipodia  of  the  Pteropods  and  Branchiogasteropods, 
developed  from  the  sides  of  the  foot,  unite  posteriorly,  and,  folding 
over,  give  rise  to  a  more  or  less  completely  tubular  organ — the 
"funnel  or  infundibidum" 

Grenacher,  from  his  observations  on  the  development  of  Ce- 
phalopoda, argues  strongly  against  this  view,  and  maintains  that 
no  median  structure  comparable  with  the  foot  is  present  in  this 
group :  and  that  the  arms  cannot  be  regarded  as  taking  the  place  of 
the  foot,  but  are  more  probably  representatives  of  the  velum. 

The  difficulty  of  arriving  at  a  decision  on  this  subject  is  mainly 
due  to  the  presence  of  the  yolk-sack,  which,  amongst  the  Cephalopoda 
as  amongst  the  Vertebrata,  is  the  cause  of  considerable  modifications 
in  the  course  of  the  development.  The  foot  is  essentially  a  protu- 
berance on  the  ventral  surface,  between  the  mouth  and  the  anus.  In 
Gasteropods  it  is  usually  not  filled  with  yolk,  but  contains  a  cavity, 
traversed  by  contractile  mesoblastic  cells.  In  this  group  the  blastopore 
is  a  slit-like  opening  (vide  p.  187)  extending  over  the  region  of  the  foot, 
from  the  mouth  to  the  anus,  the  final  point  of  the  closure  of  which  is 
usually  at  the  oral  but  sometimes  at  the  anal  extremity.  In  Cepha- 
lopods  the  position  of  the  Gasteropod  foot  is  occupied  by  the  external 
yolk-sack.  In  normal  forms  the  blastopore  closes  at  the  apex  of  the 
yolk-sack,  and  at  the  two  sides  of  the  yolk-sack  the  arms  grow  out. 
These  considerations  seem  to  point  to  the  conclusion  that  the  normal 
Gasteropod  foot  is  represented  in  the  Cephalopod  embryo  by  the 
yolk-sock,  which  has,  owing  to  the  immense  bulk  of  food-yolk  present 

'   The  Anatomy  of  Inveriehrated  AnimaUf  p.  510. 
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in  the  ovum,  become  filled  with  food-yolk  and  enormously  dilated. 
The  closure  of  the  blastopore  at  the  apex  of  the  yolk-sack,  and  not  at 
its  oral  or  anal  side,  is  what  might  naturally  be  anticipated  from  the 
great  extension  of  this  part. 

Grenadier's  type  of  larva,  where  the  external  yolk-sack  is  prac- 
tically absent,  appeal's  to  me  to  lend  confirmation  to  this  view.  If 
the  reader  will  turn  to  fig.  113,  he  will  observe  a  prominence  between 
the  mouth  and  anus,  which  exactly  resembles  the  ordinary  Qasteropod 
foot.  At  the  sides  of  this  prominence  are  placed  the  rudiments  of 
the  arms.  This  prominence  is  filled  with  yolk,  and  represents  the 
rudiment  of  the  external  yolk-sack  of  the  typical  Cephalopod  embryo. 
The  blastopore,  owing  to  the  smaller  bulk  of  the  food-yolk,  reverts 
more  nearly  to  its  normal  position  on  the  oral  side  of  this  prominence. 

If  the  above  considerations  have  the  weight  which  I  attribute  to 
them,  the  unpaired  part  of  the  Cephalopod  foot  has  been  overlooked 
in  the  embryo  on  account  of  the  enormous  dilatation  it  has  undergone 
from  being  filled  with  food-yolk  ;  and  also  owing  to  the  fact  that  in 
the  adult  the  median  part  of  the  foot  is  unrepresented.  The  arms 
are  clearly,  as  Huxley  states,  processes  of  the  margin  of  the  foot. 

Both  Grenacher  and  Huxley  agree  in  regarding  the  funnel  as 
representing  the  coalesced  epipodia ;  but  Grenacher  points  out  that 
the  anterior  folds  which  assist  in  forming  the  funnel  {vide  p.  210) 
represent  the  great  lateral  epipodia  of  the  Pteropod  foot,  and  the 
posterior  folds  the  so-called  horsenshoe  shaped  portion  of  the  Pteropod 
foot 

Development  of  Organs, 

The  epiblast.  With  reference  to  the  general  structure  of  the 
epiblast  there  is  nothing  very  specially  deser\'ing  of  notice.  It  gives 
rise  to  the  whole  of  the  general  epidennis  and  to  the  epithelium  of 
the  organs  of  sense.  The  most  remarkable  feature  about  it  is 
a  negative  one,  viz.  that  it  does  not,  in  all  cases  at  any  rate,  give 
rise  to  the  nervous  system. 

The  epiblast  of  the  mantle  has  the  special  capacity  of  secreting  a 
shell,  and  the  integument  of  the  foot  has  also  a  more  or  less  similar 
pro]K'rty  in  that  it  forms  the  operculum,  and  a  byssus  in  some 
Lamellibranchiata,  other  parts  of  the  integument  fonn  the  radula, 
seto)  in  Chiton,  and  other  similar  structures. 

Nervous  sjrstem.  The  origin  of  the  nervous  system  in  Mollusca 
is  still  involved  in  some  obscunty.  It  is  the  general  opinion  amongst 
the  majority  of  investigators  that  the  nervous  ganglia  in  Gosteropods 
and  Pteropods  are  formed  from  detached  thickenings  of  the  epiblast. 
Both  Lankester  (No.  239)  and  Fol  (No.  249 — 251)  have  arrive<l  at 
this  conclu8i(»n,  and  Rabl  has  shewn  by  sections  that  in  Planorbis  there 
are  two  lateral  thickenings  of  the  epiblast  in  the  velar  area;  from 
which  the  supra-<i*sophageal  ganglia  become  snbse<iuently  separated 
otT.     The  observations  on  the  pedal  ganglia  are  less  precise:  they 
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very  probably  arise  as  thickenings  of  the  epiblast  of  the  side  of 
the  foot. 

According  to  Fol,  the  nervous  system  in  the  Hyaleacea  amongst  the 
Pteropoda  originates  in  a  somewhat  different  way.  A  disc-like  area 
appears  in  the  centre  of  the  velum,  which  soon  becomes  nearly  divided 
into  two  halves.  From  each  of  these  there  is  formed  by  invagination  a 
small  sack.  The  axes  of  invagination  of  the  two  sacks  meet  at  an  angle  on 
the  surface.  The  cavities  of  the  sacks  become  obliterated ;  the  sacks  them- 
selves become  detached  from  the  surface,  fuse  in  the  middle  line,  and  come 
to  lie  astride  of  the  oesophagus.  Fol  has  detected  a  similar  process  in 
Limax.  The  exact  origin  of  the  pedal  ganglia  was  not  observed,  but  Fol 
is  inclined  to  believe  that  they  develop  from  tlie  mesoblast  of  the  foot. 

A  very  different  view  is  held  by  Bobretzky  (No.  242),  whose  observa- 
tions were  made  by  means  of  sections. 

The  supra-cBSophageal  and  pedal  ganglia  are  formed  according  to  this 
author  as  independent  and  ill-defined  local  thickenings  of  cells  which  are 
apparently  mesoblastic.  The  two  sets  of  ganglia  appear  nearly  simul- 
taneously, and  later  than  the  rudiments  of  the  auditory  and  optic  organs. 

In  the  Cephalopoda  there  seems  to  be  but  little  doubt,  as  first 
pointed  out  by  Lankester,  that  the  various  ganglia  originate  in  what 
is  apparently  mesoblastic  tissue. 

There  is  still  very  much  requiring  to  be  made  out  with  reference 
to  their  origin,  unless  details  on  this  subject  are  given  in  Bobretzky's 
Russian  memoir.  It  would  seem  however  that  each  ganglion 
develops  as  an  independent  differentiation  of  the  mesoblast  (unless 
the  optic  and  cerebral  ganglia  are  from  the  first  continuous)\  The 
corresponding  ganglia  of  the  two  sides  become  subsequently  united  and 
the  various  ganglia  become  connected  by  their  proper  commissural 
cords.    The  ganglia  are  shewn  in  figures  124,  126,  and  127. 

In  Lamellibranchiata  the  development  of  the  nervous  system 
has  not  been  worked  out. 

The  two  points  which  are  most  striking  in  the  development  of  the 
nervous  system  of  Mollusca  are  (1)  the  fact  that  in  the  Cephalopoda  at  any 
rate  it  is  developed  from  tissue  apparently  mesoblastic;  and  (2)  the 
fact  that  the  several  ganglia  frequently  originate  quite  inde|)endently,  and 
subsequently  become  connected. 

With  reference  to  the  firat  of  these  points  it  should  be  noticed  that 
the  supra- oesophageal  and  pedal  ganglia  are  at  fii*st  respectively  connected 
with  the  optic  and  auditory  organs,  and  that  these  sense  organs  are  in 
some  cases  at  any  rate  developed  anteriorly  in  point  of  time  to  the  ganglia. 
It  seems  perhaps  not  impossible  that  primitively  the  ganglia  may  have  been 
simply  differentiations  of  the  walls  of  the  sense  organ,  and  perhaps  their 
apparent  derivation  from  the  mesoblast  is  really  a  derivation  from  cells 
which  primitively  belonged  to  the  walls  of  these  sense  organs.  Bobretzky's 
observations  on  Fusus  fit  in  well  with  this  view. 

In  the  Hyaleacea  and  in  other  Pteropods,  where  the  eyes  are  absent 
in  the  adult^  Fol  finds  the  supra-oisophageal  ganglia  resulting  from  a  pair 

^  UsBOw  states  that  they  are  independent. 
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ureinblnstii'!  iiivo^'iiiLitious  May  not  thrae  iiivaginutiuns  hn  real]}'  nidiui^niM 
of  tbe  ej'eu  us  well  as  of  tlie  ganglia  1  Fol  alsu,  it  is  true,  iltwvribee  n 
nimilar  mode  of  origin  for  these  ganglia  iu  Limax.  It  would  be  iuteresting 
to  bave  furtliPr  obf>ervations  on  this  subject.  The  independent  origin  of 
the  pednl  and  Kupm-aHophageal  ganglia  finds  its  jiarHlle]  Biiiongst  ^e 
(.'hietopoda. 

The  nipra-DMopliEigea]  giinglia  appear  nlwnys  to  develop  witbia  the 
region  of  Ihe  velar  area.  ThiH  nren  correajKiiid:!  with  the  pne-oi-sl  lobe  of 
the  CbfBto|KHl  lar%-a,  nt  tbe  apex  of  wbicb  ia  developed  tbe  SDpm-awophagen] 
jTuigli'in.  Euibrynlogy  thuH  conlirnis  the  result*  of  Com|iarative  Anatomy 
in  refewnee  to  the  hoinnlogy  of  thpse  ganglia  in  liie  two  grouiis. 

Optic  orvaUB.  Au  eye  is  present  iti  most  ()asteropo<ls  aad  in 
initny  larval  Pt«,'rop(nU.  Although  its  development  has  not  lieea  fully 
wirked  out,  ytt  i(  baa  ck'arly  been  sliewn  by  Bobretzky  and  olber 
iiivesligators  tlmt  it  urigiitnteii  as  lui  involution  of  the  epidermis,  whicli 
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Kin.  laa.    Tiim  MinKunutnc  sutiobh  or  thk  eyes  or  Motxcsc*  (After  (trcRather). 

A.  Nknlitoa.     It.  Uasteropod  fLimKi  or  Hclii).    C.  Diliranohlate  CephtJopod. 

i'nl,  eyelid;  Co.cwno;  Co.iti.  rpitlivUuu  ol  ciliv;  bod;  :  Jr.  iris;  /nl, /nl'. ../■!*. 

diflerMit  puts  uf  the  intPRiiment ;   I.  leiin;    ('.   oater  senment  oX  ieaa;    R.  retina; 

Sj>p.  optio  norvB;  U.op.  optki  ganglion  ;  >.  inner  layer  of  retina;  N.H.  nerrous  stt«tnin 

first  forms  n  oiip  and  eventually  a  closed  vesicle.  The  posterior  wall  of 
tbe  vesicle  gives  rise  to  tbe  retina,  Ihe  anterior  to  the  inner  epithelium 
of  the  cornea.  The  external  epidermis  becomes  continued  over  the 
outer  surface  of  the  vesicle. 

The  lens  is  fumied  in  tbe  intoriur  of  tbe  vesicle,  probably  as  a 
cuticiilar  deposit,  which  increaaes  by  the  addition  of  concentric  layers. 
Pigment  btwomes  deposited  between  the  cells  of  the  retina.  Fig. 
Mt  B  is  a  diagnimmatic  representation  uf  the  adult  eye  of  a 
Gastenipo<). 

The  (VphaloptHl  eye  is  formed,  as  first  shewn  by  Laiikest£r,  aa  a 
pit  in  the  epibbuit  round  which  a  f<ild  hHros  (tig.  12.1  A)  and  gratliially 
lilt'  leudi-r  is  rAcntA  lu  thv  rhiipter  on  -The 
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(After  Lankeater.) 


grows  over  the  moutb  of  the  pit  bo  aa  to  sliut  it  off  from  commmiicft- 
tion  with  the  exterior  (fig.  123  B). 

The  epiblast  lining  the 
posterior  region  of  the  vesicle 
gives  rise  to  the  retina,  that 
lining  the  anterior  region  to 
thociliaryhodyand  processes 
It  is  important  to  notice  that 
the  conaition  of  the  eye  juet 
before  the  above  pit  becomes 
closed  is  exactly  that  which 
is  permanent  in  Nautilus 
(piiriefig.  122  A).  After  the 
pit  has  l>ecome  closed  a 
tnesobtastic  layer  grows  in 
between  its  wall  and  the  ex- 
ternal epiblast. 
I  The  lens  becomes   fonned  in   two  independent  segments.     The 

I  inner  and  larger  of  these  arises  as  a  rod-like  process  (fig.  12+) 
projecting  from  the  front  wall  of  the  optic  vesicle  into  the  cavity  of 
LoLiim.  (Afttir  Bobretzkj.) 
Bil.  (BBoph^na  ;  fill,  salivu?  gland ;  g.vi,  viwend  ||[»i>Bli'>n  ;  gc.  cerebral  ganglion  ; 
j.op.  optio  ganglion ;  adk.  optio  oMtilage  :  ak.  and  y.  lateral  oartilage  or  (?)  white  body  i 
n.  retina ;  gn.  UmitinK  mombrAue  ;  vk.  aUiiuy  region  of  eye ;  cc.  iris ;  ac.  anditoi; 
Mck  (Ihe  epithetiiim  liuinK  the  Biidilory  nncks  in  nut  represented) :  r«.  vpnn  cava; 
^.  folds  of  fnnnel. 

■  the  vesicle.     It  ia  a  cutictilar  structure  and  therefore  without  cellii. 
\%y  the  deposition  of  a  series  of  concentric  layers  it  soon  Baaunoes  b 
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spherical  form  (fig.  125,  ht).  The  condition  of  the  eye,  with  a  cIoschI 
optic  vesicle  and  the  lens  projecting  into  it,  is  that  wliich  is 
permanent  in  the  majority  of  Gasteropods  {vide  fig.  122  B).  At 
about  the  time  when  tlie  lens  first  becomes  formed  a  fold  com- 
posed of  epiblast  and  mesoblast  appears  round  the  e<lge  of  the 
optic  cup  (fig.  124,  cc)y  and  gives  rise  to  a  structure  known  in  the 
adult  as  the  iris.  Shortly  afterwards  this  becomes  more  pro- 
minent (fig.  125,  %f)y  and  at  the  same  time  the  layers  of  cells  of  the 
ciliary  region  in  front  of  the  inner  segment  of  the  lens  become 
reduced  to  the  condition  of  mere  membranes  (fig.  12o  B);  and  in  front 
of  them  the  anterior  or  outer  segment  of  the  lens  becomes  formed  as 
a  cuticular  deposit  (fig.  125  B,  vt).  At  a  still  later  period  a  fresh 
fold  of  epiblast  and  mesoblast  appears  round  the  eye  and  gradually 
constitutes  the  anterior  optic  chamber  {vide  fig.  122  C,  Co),  In  most 
forms  this  chamber  communicates  with  the  exterior  by  a  small 
aperture,  but  in  some  it  is  completely  closeil.  The  fold  itself  gives 
nse  to  the  cornea  in  front  and  to  the  sclerotic  at  the  sides.  At  a  later 
period  another  fold  may  appear  forming  the  eyelids  (fig.  122  C,  PoT). 

Auditory  organiEU  A  pair  of  auditory  sacks  is  found  in  the  larvae 
of  almost  all  Qasteropods  and  Pteropods,  and  usually  originates  very 
early.  They  are  placed  in  the  front  part  of  the  foot,  and  on  the  form- 
ation of  the  pedal  ganglia  come  into  close  connection  with  it,  though 
they  receive  their  nervous  supply  in  the  adult  from  the  supra- 
oesophageal  ganglia. 

In  a  very  considerable  number  of  cases  amongst  Gasteropods  and 
Pteropods  the  auditory  organs  have  been  observed  to  develop  as 
invaginations  of  the  epiblast,  which  give  rise  to  closed  vesicles  lying 
in  the  foot,  e.g,  Paludina,  Nassa,  Heteropods,  Limax,  some  Pteropo<is 
(Clio). 

This  is  no  doubt  the  primitive  mode  of  origin,  but  in  other  cases, 
which  perhaps  require  confirmation,  the  sacks  are  stated  to  originate 
from  a  diiferentiation  of  solid  thickenings  of  the  epidermis  or  of  the 
tissues  subjacent  to  it 

The  auditory  sacks  are  provided  with  an  otolith,  which  according 
to  Fol's  observations  is  first  fonned  in  the  wall  of  the  sack. 

In  Cephalopods  the  auditory  organs  are  formed  as  epiblastic 
pits  on  the  posterior  surface  of  the  embryo,  and  are  at  first  widely 
separated  (fig.  113,  ac).  The  openings  of  the  pits  become  narrowed, 
and  finally  the  original  pits  form  small  sacks  lined  by  an  epithelium, 
and  communicating  with  the  exterior  by  narrow  ducts,  e<uiivalent 
to  the  rec€s»u8  vestibuli  of  Vertebrates,  and  named,  after  tneir  dis- 
coverer, Kolliker  s  ducts.  The  external  openings  of  these  ducts  become 
completely  closeil  at  about  the  same  time  as  the  shell-gland,  and 
the  ducts  remain  as  ciliated  diverticula  of  the  auditory  pits.  The 
widely  separated  auditory  sacks  gradually  approach  in  the  middle 
ventral  line,  and  are  immediately  invested  by  the  visceral  ganglia 
(fig.  124,  ac).  They  finally  come  to  lie  in  contact  on  the  inner  side 
of  the  funnel. 


MOLLUSC  A. 


On  the  aide  opposite  KoUiker'a  duct,  an  cpttholiiil  ridgu  ia  formed— 


the  crista  ucusticft — the  cells 
couDected  with  the  crista  by 
a  granular  material.  At  a 
later  period  of  development 
three  regions  of  the  epithelium 
of  the  sack  become  eapecially 
differentiated.  Each  of  these 
regions  is  pvoviiled  with  two 
rows  of  cells,  bearing  on  their 
free  edges  numerous  very  short 
auditory  liairs.  The  cells  of 
each  row  are  placed  nearly  at 
right  angles  to  those  of  the 
adjoining  row. 

Hoscnlar  system.  The 
muscular  system  in  all  groups 
of  Molluscs  ia  derived  entirely 
from  the  mesoblast. 

The  greater  part  of  the 
system  takes  its  origin  from 
the  somatic  mesoblast  In 
almost  all  Gnsteropod  and 
Pteropod  larvie  there  is  pre- 
sent a  well-developed  spindle 
muscle  attaching  the  embryo 
to  the  shell.  This  muscle  ap- 
pears to  be  absent  in  the 
Cephalopoda. 

Body  cavity  and  vascular 

^tem.  The  body  cavity  in 
Oasteropods  and  Pteropods 
originates  either  by  a  definite 
splitting  of  the  mesoblast,  or 
by  the  appearance  of  intercel- 
lular spaces.     It  beci 


[)f    which   give   rise   tii>    an   otolith 


.    (After 


iluuy  b 

/.  and  if.  told  ot  iris;  rf.  rotiaa;  rr'.  i_ 
Inyer  ot  retina;  it.  rodn;  aq,  eqnatorula 
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Bobretzky). 

hi.  inner  Hegment  of  leua-,  vl.  outer  soi;- 
nieat  ot  lenn  ;  a  and  a',  opitbelinm  liuini;  the 
nntcriar  optic  cbamber  ;  gt.  large  cpi blast  cells 
of  ciliar;  body ;  ee.  small  epiblast  eeUs  of 
ciliarj  body;  iiu.  layer  of  meaoblast  between 
ipiblaatio  layers  ot  the  ciliary  body: 

vided  into  numerous  sinuses 
which  freely  communicate  with 
the  vascular  system. 

Very  different  accounts  have  been  given  by  different  investigators 
of  the  development  of  the  heart  in  the  Gasteropoda  and  Pleropoda, 

It  would  seem  however  in  most  cases  to  arise  as  a  solid  mass 
of  mesoblaat  cells  at  the  hind  end  of  the  pallial  cavity,  which 
subsequently  becomes  hollowed  out  and  divided  into  an  auricle 
and  ventricle.  Bobretzky's  careful  observations  have  fully  established 
this  mode  of  development  fur  Naasa. 


In  PterojxiUs  the  ha 


)  fanned  (Fol)  close  to  the  anus,  hut  ulightly 
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domal  to  it  (tig.  108,  h).     The  pericardium  lb  formed  from  the  mesoblast  at 
a  considerably  later  period  than  the  heart 

A  very  different  account  of  the  formation  of  the  heart  is  given  by 
Btttschli  for  Paludina.  He  states  that  there  appears  an  immense  contrac- 
tile sack  on  the  left  side  of  the  body.  This  becomes  subsequently  reduced 
in  size,  and  in  the  middle  of  it  appears  the  heart,  probably  from  a 
fold  of  its  wall.  The  original  sack  would  appear  to  give  rise  to  the 
pericardium. 

In  coDnection  with  the  vascular  system  mention  may  be  made 
of  certain  contractile  sinuses  frequently  found  in  the  larvsB  of 
Gasteropoda  and  Pteropoda.  One  of  these  is  placed  at  the  base 
of  the  toot,  and  the  other  on  the  dorsal  surface  within  tlie  mantle 
cavity  immediately  below  the  velum.*  The  completeness  of  the 
differentiation  of  these  sinuses  varies  considerably;  in  some  forms 
they  are  true  sacks  with  definite  walls,  in  other  cases  mere  spaces 
traversed  by  muscular  strands.  They  are  found  in  the  majonty  of 
marine  Qasteropods,  Heteropods  and  Pteropods.  In  Limax  a  large 
posteriorly  placed  pedal  sinus  is  well  developed,  and  there  is  also  a 
sinus  in  the  visceral  sack.  Tlie  rhythmical  contraction  of  the  yolk 
sack  of  Cephalopods  appears  to  be  a  phenomenon  of  the  same  nature 
as  the  contraction  of  tne  foot  sinus  of  Limax. 

In  Calyptraea  (Salensky)  there  is  an  enormous  provisional  cephalic 
<lilatation  within  the  velum  which  does  not  appear  to  be  contractile. 
Similar  though  less  marked  cephalic  vesicles  are  found  in  Fusus, 
Buccinum  and  most  marine  Qasteropods. 

In  Cephalopods  the  vascular  system  is  formed  by  a  series  of 
independent  (?)  spaces  originating  in  the  mesoblast,  the  cells  around 
which  give  rise  to  the  walls  of  the  vessels.  The  branchial  hearts 
are  formed  at  about  the  time  at  which  the  shell-gland  becomes 
closed.  The  aortic  heart  (fig.  127,  c)  is  formed  of  two  independent 
halves  which  subsequently  coalesce  (Bobretzky). 

The  true  body  cavity  arises  as  a  space  in  the  mesoblast  subse- 
quently to  the  formation  of  the  main  vascular  tninks. 

Senal  organs.  Amongst  the  Qasteropods  and  Pteropods  there 
are  present  provisional  renal  organs,  which  may  be  of  two  kinds, 
an<l  a  permanent  renal  organ. 

llio  provisional  organs  consist  of  either  (1)  an  external  paired 
mass  of  excretory  cells  or  (2)  an  internal  organ  provided  with  a  duct, 
which  is  not  in  all  cases  certainly  known  to  open  externally.  The 
former  structure  is  found  especially  in  the  marine  Prosobrauchiates 
(Nassa,  etc.)  where  it  has  been  fully  studied  by  Bobretzky.  It  consists 
of  a  mass  of  cells  on  each  side  of  the  body,  close  to  the  base  of  the 
foot,  and  not  far  behind  the  velum.  This  mass  grows  very  large, 
and  below  it  may  be  seen  a  continuous  layer  of  epiblast.  The 
cells  forming  it  fuse  together,  their  nuclei  disappear,  and  numerous 
vacuoles   containing   concretions  arise   in   them.     At  a  later    stage 

>  Rabl  holds  that  there  ib  no  contractile  dontal  Binus,  but  tliat  the  appearance  of 
eoDtraciion  there  is  doe  to  the  contractions  of  tlie  foot. 
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all  the  vacuoles  unite  together  and  form  a  cavity  filled  with  a  brown 
granular  mass. 

The  provisional  internal  renal  organ  is  found  in  many  pulmonate 
Qasteropods — Lymnseus,  Planorbis,  etc.  It  consists  of  a  paired 
V-shaped  ciliated  tube  with  a  pedal  and  cephalic  limb.  The  former 
is  certainly  without  an  external  opening,  but  the  termination  of  the 
latter  is  still  in  doubt. 

It  consists,  according  to  BUtschli's  description  (No.  244),  in  the  fresh- 
water Pulmonata  (LymnseuSy  Planorbis)  of  a  round  sack,  close  to  the  head, 
opening  by  an  elongated  and  richly  ciliated  tube  in  the  neighbourhood  of 
the  eya  From  the  sack  a  second  shorter  tube  passes  off  towards  the  foot, 
which  seems  however  to  end  blindly.  The  cells  lining  the  sack  contain 
concretions,  and  there  is  one  especially  large  cell  in  the  lumen  of  the  sack 
attached  on  the  side  turned  towards  the  eye.  It  coexists  in  Lymnaeus  with 
provisional  renal  organs  of  the  type  of  those  in  marine  Prosobranchiata. 

A  somewhat  different  description  of  the  structure  and  development  of 
this  organ  in  Planorbis  has  recently  been  given  by  Rabl  (Na  268).  It 
consists  of  a  V-shaped  tube  on  each  side  with  both  extremities  opening 
into  the  body  cavity.  The  one  limb  is  directed  towards  the  velar  area,  the 
other  towards  the  foot.  It  is  developed  from  the  mesoblast  cells  of 
the  anterior  part  of  the  mesoblastic  band.  The  large  mesoblast  (p.  188)  of 
each  side  grows  into  two  processes,  the  two  limbs  of  the  future  organ.  A 
lumen  in  the  cell  is  continued  into  each  limb,  while  continuations  of  the 
two  limbs  of  the  V  are  formed  from  the  hollowing  out  of  the  central  parts 
of  the  adjoining  mesoblast  cells. 

In  Limax  embryos  Qegenbaur  found  a  pair  of  elongated  provisional 
branched  renal  sacks,  the  walls  of  which  contained  concretions.  These 
sacks  are  provided  with  anteriorly  directed  ducts  opening  on  the  dorsal 
side  of  the  mouth.  This  or^an  is  probably  of  the  same  nature  as  the 
provisional  renal  organ  in  other  Pulmonata. 

Permanent  renal  argan.  According  to  the  most  recent  observer 
(Rabl,  No.  268),  whose  statements  are  supported  by  the  sections  figured, 
the  permanent  renal  organ  in  Qasteropods  is  developed  from  a  mass 
of  mesoblast  cells  close  to  the  end  of  the  intestine.  This  is  first 
carried  somewhat  to  the  left  side,  and  then  becomes  elongated  and 
hollow,  and  attaches  itself  to  the  epiblast  on  the  left  side  of  the  anus 
(fig.  1 08,  r).  After  the  formation  of  the  heart  the  inner  end  opens 
into  the  pericardium  and  becomes  ciliated,  the  median  part  becomes 
glandular  and  concrements  appear  in  its  lining  cells,  and  the  terminal 
part  forms  the  duct. 

Previous  observera  have  iwually  derived  this  organ  from  the  epiblast ; 
according  to  Rabl  this  is  owing  to  their  having  studied  too  late  a 
stage  in  the  development. 

In  Cephalopoda  the  excretory  sacks  or  organ  of  Bojanus  are 
apparently  differentiations  of  the  mesoblast  ^  At  an  early  stage  part 
of  their  walls  envelopes  the  branchial  veins.    From  this  part  of  the  wall 

^  I  conclude  this  from  Bobretzky's  figures. 
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the  true  glandular  section  of  the  organ  would  seem  to  be  formed. 
The  epithelium  forming  the  inner  wall  of  each  sack  is  at  an  early  stage 
very  columnar. 

The  development  of  the  organ  of  Bojanus  in  Lamellibranchiata 
has  been  studied  by  Lankester.  He  finds  that  it  develops  as  a 
paired  invagination  of  the  epiblast  immediately  ventral  to  the  anus. 

Ganeratiye  glands.  The  generative  glands  in  Mollusca  would 
appear  to  be  usually  developed  in  the  post-larval  period,  but  our 
knowledge  on  this  subject  is  extremely  scanty. 

In  Pteropods  Fol  believes  that  he  has  proved  that  the  hermaphrodite 
gland  originates  from  two  independent  formations,  one  (the  testicular) 
epiblastic  in  origin,  and  the  other  (the  ovarian)  hypoblastic. 

These  views  of  Fol  do  not  appear  to  me  nearly  sufficiently  substantiated 
to  be  at  present  accepted. 

The  generative  glands  in  Cephalopoda  appear  to  be  simple 
differentiations  of  the  mesoblast  They  are  at  first  very  closely 
connected  with  the  aortic  heart  (fig.  127,  kd),  but  soon  become  com- 
pletely separated  from  it 

AUmentary  tract.  The  formation  of  the  archenteron,  and  the 
relation  of  its  opening  to  the  permanent  mouth  and  anus,  has  already 
been  described  and  needs  no  further  elucidation.  It  will  be  con- 
venient to  treat  the  subject  of  this  section  under  three  headings 
for  each  group^viz.  (1)  the  mesenteron,  (2)  the  stomodo^um,  and  (3) 
the  proctodseum. 

The  meaenteron.  In  the  Gasteropoda  and  Pteropoda  the  mesenteron, 
as  has  already  been  mentioned,  forms  a  simple  sack,  which  may 
however,  owing  to  the  presence  of  food  yolk,  be  at  first  without  a 
lumen.  Of  this  sack  an  anterior  portion  gives  rise  to  the  stomach 
and  liver,  and  a  posterior  to  the  intestine.  This  latter  portion  is  the 
first  to  be  distinctly  differentiated  as  such,  and  forms  a  narrowish  tube 
connecting  the  anterior  dilatation  with  the  anus.  In  the  meantime 
the  cells  of  a  great  part  of  the  anterior  portion  of  the  mesenteron 
undergo  peculiar  changes.  They  enlarge,  and  in  each  of  them  a  deposit 
of  food  material  appears,  which  is  often  at  any  rate  derived  from  the 
absorption  of  the  albumen  in  which  the  embryo  floats.  The  cells  on 
the  dorsal  side,  adjoining  the  oesophageal  invagination,  and  the  whole 
of  the  cells  on  the  ventral  side  do  not  however  undergo  these  changes. 
There  thus  arises  an  anterior  and  ventral  region  adjoining  the  oeso- 
phagus, which  becomes  completely  enclosed  by  small  cells  and  forms 
the  true  stomach.  The  part  behind  and  dorsal  to  the  stomach  is 
lined  by  the  large  nutritive  cells  and  forms  the  liver.  It  opens  into 
the  stomach  at  the  junction  of  the  latter  with  the  intestine,  which  in 
the  later  stages  becomes  bent  somewhat  forwards  and  to  the  right. 
Still  later  the  hepatic  region  becomes  branched,  the  albuminous 
contents  of  its  cells  arc  replaced  by  a  coloured  secretion,  and  it 
becomes  bodily  convertel  into  the  liver.  The  stomach  is  usually 
richly  ciliated. 
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The  TarioiiB  modifications  of  the  above  type  of  deyelopment  of  the 
alimentary  tract  are  to  be  regarded  as  due  to  the  disturbing  influence 
of  food  yolk.  Where  primitively  the  hypoblast  cells  are  very  bulky, 
though  invaginated  in  a  normal  way,  the  wall  of  the  hepatic  region  becomes 
immensely  swollen  with  food  yolk,  e.g,  Katica.  In  other  cases  amongst 
certain  Pteropods  (Fol,  No.  249)  where  the  hypoblast  is  still  more  bulky, 
part  of  the  archenteric  walls  becomes  converted  into  a  bilobed  sack 
opening  into  the  pyloric  region,  in  the  walls  of  which  a  large  deposit  of 
food  material  is  stored,  which  gradually  passes  into  the  remainder  of  the 
alimentary  tract  and  is  there  digested.  The  bilobed  nutritive  sack,  as  it 
is  called  by  Fol,  is  eventually  completely  absorbed,  though  the  liver  in 
some,  if  not  all  cases,  grows  out  as  a  fresh  sack  from  its  duct. 

The  formation  of  the  permanent  alimentary  tract,  when  the  hypoblast 
is  so  bulky  that  there  is  no  true  archenteric  cavity,  has  been  especially 
investigated  by  Bobretzky  (No.  242). 

In  the  case  of  a  species  of  Fusus  the  hypoblast,  when  enclosed  by  the 
epiblast,  is  compoaed  of  four  cells  only.  The  blastopore  remains  per- 
manently open  at  the  oral  region,  and  around  it  the  oesophagus  grows  in  a 
wall-like  fashion.  The  protoplasmic  portions  of  the  four  hypoblast  cells 
are  turned  towards  the  oesophageal  opening,  and  from  them  are  budded  off 
small  cells  which  are  continuous  at  the  blastopore  with  the  epiblast  of  the 
oesophagus.  These  cells  give  rise  posteriorly  to  the  intestine  and  anteriorly 
to  the  sack,  which  becomes  the  stomach  and  liver.  This  sack  always 
remains  open  towards  the  four  primitive  yolk  cella  The  cells  of  the 
posterior  part  of  it  become  larger  and  larger  and  form  the  hepatic  sack, 
which  fills  up  the  left  and  posterior  part  of  the  visceral  sack,  pushing  the 
yolk  cells  to  the  right.  The  cells  lining  the  hepatic  sack  become  pyramidal 
in  shape,  and  each  of  them  is  filled  with  a  peculiar  mass  of  albuminous 
material.  The  cells  adjoining  the  openins^  of  the  oesophagus  remain  small, 
become  ciliated,  and  form  the  stomach.  They  are  not  sharply  separated  off 
from  the  cells  of  the  hepatic  sack.  The  yolk  cells  remain  distinct  on  the 
right  side  of  the  body  during  larval  life,  and  their  food  material  is  gradually 
absorbed  for  the  nutrition  of  the  embryo. 

A  modification  of  the  above  mode  of  development,  where  the  food 
material  is  still  more  bulky  and  the  blastopore  closed,  is  found  in  Nassa,  and 
has  already  been  described  {pde  p.  193). 

The  stomodcBum.  The  stomodaeum  in  most  cases  is  formed  as 
a  simple  epiblastic  invagination  which  meets  and  opens  into  the 
mesenteron.  When  the  blastopore  remains  permanently  open  at  the 
oral  region  the  stomodseum  is  formed  as  an  epiblastic  wall  round  its 
opening.  In  all  cases  the  stomodasum  gives  rise  to  the  mouth 
and  oesophagus.  At  a  subsequent  period  there  are  developed  in 
the  oral  region  of  the  stomodaeum  the  radula  in  a  special  ventral 
pit,  and  the  salivary  glands — the  latter  as  simple  outgrowths. 

The  oesophagus  is  usually  ciliated. 

ITie  procUxkeum,  Except  where  the  blastopore  remains  as  the 
permanent  anus  (Paludina)  the  proctodaeum  is  always  formed  subse- 
quently to  the  mouth.  Its  formation  is  usually  preluded  by  the 
appearance  of  two  projecting  epiblast  cells,  but  it  is  always  developed 
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as  a  very  shaJlow  cpibliistic  invagioatiou,  which  does  not  give  rise  t^i 
any  part  of  the  true  intestine. 

In  the  Cephalopod.t  the  alimentary  tract  is  fonuetl,  as  in  other 
cephiJophuruus  Mollusca,  of  thi'ee  sections.  (1)  A  sto mod  11:11  m,  formed 
by  au  epiblastJc  invagination,  which  gives  rise  to  the  month,  (esophagus 
and  salivary  inlands.  {%)  A  procUMlieum,  which  is  an  extremely  small 
cpiblastic  invf^natioo.     (3;  A  in«setiteron,  lined  by  true  hypoblast. 


(After  Bobretikj.) 
■Ran',  lb.  yolk-Mct;  eki.  ifaell' 


epiblutie  thickeDing   belvt 


wbicb  forma  the  main  seL-tinn  of  the  alimentary  trsct,  viz.  the  stomach, 
intestine,  the  liver,  and  ink  sack '. 

The  meaentsran.  The  mesenteron  is  first  visible  from  the  surface 
as  u  small  tubercle  on  tho  posterior  side  of  the  mantle  betwceit  ttie 
nulinients  of  the  two  gills  (fig.  Ill  B,  an).  Within  this,  as  was  first 
shewn  by  Lankester,  a  cavity  appeare. 

This  cavity  is  as  in  Gasteropods  open  to  the  yolk  sack,  and  only 
separated  from  the  yolk  itself  by  the  yolk  membrane  already 
spoken  of.  It  is  at  first  lined  by  imliRercnt  cells  of  the  lower 
layer  of  the  blastoderm,  which  however  soon  become  columnar  and 
form  a  definite  hypoblastic  layer  (Rg.  }2R,  pdh).  Between  the  hypo- 
blast and  epiblast  there  is  a  very  well  marked  layer  of  niesoblast. 
Aa  the  mesenteric  cavity  extends,  its  walls  meet  the  epiblast,  and 
at  the  point  of  contact  n(  the  two  layers  the  epiblast  becomes  slightly 

flitted  in.  At  this  point  the  anus  is  formed  at  a  ci>nsiderably 
ttter  period  (fig.  127,  an). 

On  the  ventral  side  of  the  primitive  mesenteron  an  outgrowtli 
appears  very  early,  which  becomes  the  ink  sack  (fig.  127,  W). 

The  mesenteric  cavity,  still  open  to  the  yolk,  gradually  extends 
itsetf  in  a  dorsal  direction  over  the  yolk  sack,  but  remains  for  B>im« 

'  The  toUowing  dewription  applieii  ■pecUll)'  lo  l^Mgo. 
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time  completely  open  to  it  ventrally.  aiid  only  separated  from  tlie 
nctual  yolk  by  the  yolk  membrane.  There  eaily  grow  out  from  the 
walla  of  the  meaciiter.on  a  pair  of  bepatic  diverticula. 

As  the  mesenteric  cavity  extends  it  dilates  at  its  distal  extremity 
into  a  cbamber  destined  to  form  the  stomach  (tig.  127,  'tig).  At 
about  tliis  time  the  anus  becomes  perforated.  Shortly  afterwards 
the  mesenteron  meets  and 
opens  into  the  (esophagus 
at  the  dorsal  extremity  of 
the  yolk  sack,  but  at  the 
time  when  this  takes  place 
the  hypoblast  bos  extended 
round  the  entire  cavity,  and 
has  shut  it  off  from  the  yolk. 
The  yolk  membrane  through- 
out the  whole  of  this  period 
is  quite  passive,  and  bos  no 
share  in  torming  the  walls 
of  the  alimentary  tract. 

The  gtomodcBum.  The 
Htomoda;um  appears  as  an 
epiblastic  invagination  at 
the  anterior  side  of  the  blas- 
ti'derm,  before  any  trace  of 
the  mesenteron  is  preseut. 
It  rapidly  grows  deeper,  and, 
shortly  after  the  mesenteric 
cavity  becomes  formed,  au 
outgrowth  arises  from  its 
wall  adjoining  the  yolk  sack, 
wiiicb  gives  rise  to  the  sali- 
vary glands  (figs.  126  and 
■  127,  gls).  Immediately  be- 
hind the  opening  of  the  sali- 
varj'  glands  there  appears 
on  its  Hour  a  swelling  which 
becomes  the  oiiontophore, 
and  behind  this  a  pocket  of 
the   stomodieal    wall    forms 

I  the  sheath  of  the  radula 
(figs.  126  and  127,  brd).  Be- 
hind this  again  the  ccso- 
phugus  is  continued  dorsal- 
wards  as  a  very  narrow  tube, 
which  eventually  opens  into 
the  stomach  (fig.  127). 
The  terminal  portion  of  the  nidiment  of  the  salivary  gland  divides 
int*>  two  parts,  each  of  which  sends  ont  numerous  diverticula  which  con- 


I 


Fm.  127.      . 
%  ADVANCEU   nsBvo  DF  LOLioo.      (After  Bo- 

bretzkj.) 

oe.  moolh  ;  gb.  floIiTaiy  Klaod  ;  brd.  Bheath 
r^  nulnla;  ao.  anterior  norlA ;  nu>.  posterior 
aortn;  ra.  bronoh  of  poelerior  iimte  to  Bhell 
Hnck  ;  TIM.  bruDob  ol  ixxildrior  oortBi  to  mantlp ; 
'c  hoart ;  or.  «»ophBgua;  imj.  Blomseli; 
e;  bi,  iukBaek;  kd.  ^rmiDtltuinie  i  rih- 
shell  BBcli:  te.  vena  cavn;  g.rt.  Tisceral  kui- 
Uon  ;  g.jid.  pedal  gui(;lioii ;  ac.  auditor;  tMk; 
'.  (nnnd. 
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stitute  the  permanent  glands.    The  greater  part  of  the  original  out- 
growth remains  as  the  unpaired  duet  of  the  two  glands*. 

In  the  larva  observed  by  Qrenacher  the  anterior  pair  of  salivary 
glands  originated  from  independent  lateral  outgrowths  of  the  floor  of 
the  mouth,  close  to  the  opening  of  the  posterior  salivary  glands. 

The  yelk  sack  of  the  Cephalopoda,  The  yolk,  as  has  already  been  stated, 
becomes  at  an  early  period  completely  enclosed  in  a  membrane  formed  of 
flattened  cells,  which  constitutes  a  definite  yolk  sack.  It  is,  in  the  more 
typical  forms  of  Cephalopoda,  divided  into  an  external  and  an  internal 
section,  of  which  the  former  is  probably  a  s{)ecial  difiereutiatioii  of  the 
median  part  of  the  foot  of  other  cephalophorous  Mollusca  {vide  p.  225).  At 
no  period  does  the  yolk  sack  communicate  with  the  alimentary  tract.  The 
two  sections  of  the  yolk  sack  are  at  first  not  separated  by  a  constriction. 
In  the  second  half  of  embryonic  life  the  condition  of  the  yolk  sack  under- 
goes considerable  changes.  The  internal  part  grows  greatly  in  size  at  the 
expense  of  the  external,  and  the  latter  diminishes  very  rapidly  and  becomes 
constricted  off  from  the  internal  part  of  the  sack,  with  which  it  remains 
connected  by  a  narrow  vitelline  duct 

The  internal  yolk  sack  becomes  divided  into  three  sections :  a  dilated 
section  in  the  head,  a  narrow  section  in  the  neck,  and  an  enormously 
developed  portion  in  the  mantle  region.  It  is  tlie  latter  part  which 
mainly  grows  at  the  ex|X)Dse  of  the  external  yolk  sack.  It  gives  off  at  its 
dorsal  end  two  lobes,  which  pass  round  and  embrace  the  lower  part  of  the 
OisophagUH.  The  |)a88age  of  the  yolk  from  the  external  to  the  internal 
yolk  sack  is  probably  largely  due  to  the  contractions  of  the  former. 

The  extenud  yolk  sack  is  not  vascular,  and  probably  the  ab8oq)tion  of 
the  yolk  for  the  nutrition  of  the  embryo  can  only  take  place  in  the  internal 
yolk  sack.  The  most  remarkable  feature  of  the  CephaloiKxi  yolk  sack  is  the 
fact  that  it  lies  on  the  opposite  side  of  the  alimentary  tract  to  the  yolk  cells, 
which  form  a  rudimentaiy  yolk  sack  in  such  GasteroiKxla  as  Nassa  and 
Fusus.  In  these  forms,  the  yolk  sack  is  at  first  dorsal,  but  subsequently  is 
carried  by  the  growth  of  the  liver  to  the  right  side.  In  Ceplialopoda  on  the 
contrary,  the  yolk  sack  is  placed  on  the  ventral  side  of  the  body. 

What  is  known  of  the  development  of  the  alimentary  tract  in  the 
Polyplacophora  has  already  been  mentioned. 

In  the  Lamellibranchiata  (Laukester,  No.  239),  the  mesenteron 
early  grows  out  into  two  lateral  lobes  which  form  the  liver,  while  the 
part  between  them  forms  the  stomach. 

In  Pisidium  the  intestine  is  formed  from  the  original  pedicle 
of  invagination,  which  remains  permanently  attached  to  the  epiblast. 
The  8tom<Kla.*um  is  formed  by  the  usual  epiblastic  invagination,  and 
becomes  the  mouth  and  oesophagus.  The  development  of  the  crystalline 
ro<l  and  its  sack  do  not  appear  to  be  known.  In  the  adult  the  sjick  of 
the  crj'stjilline  rod  opens  into  a  part  of  the  alimentary  tract  which  ap- 
]iear8  to  belong  to  the  mesenteron.  Were  however  the  development 
to  shew  them  to  be  really  derived  from  the  stomodo^um  they  might  be 
interpreted  as  rudiments  of  the  organ  which  constitutes  the  odontophore 

1  In  Loligo  only  a  single  pair  of  saUvaiy  glands  is  present 
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and  its  sack   in  ccphalophorous  Mollusca — on  interpretation  which 
would  be  of  considerable  phylogenetic  interest. 
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CHAPTER  X. 


POLYZOAV 


Entoprocta. 

The  development  of  the  larvse  of  Pedicellina  is  known  from  the 
researches  of  Hatschek  (No.  299)  far  more  completely  than  that  of 
Loxosoma,  though  it  does  not  apparently  differ  from  it  except  in  certain 
details.  In  both  the  known  Entoproctous  genera  the  segmentation  is 
regular  or  nearly  so,  though  Hatschek  believes  that  he  has  detected 
in  Pedicellina  a  slight  difference  between  the  two  first  segmentation 
spheres,  and  regards  them  as  constituting  the  animal  and  vegetative 
poles  of  the  embryo.  The  se^ientation  in  Pedicellina,  to  which  genus 
alone  the  remainder  of  the  description  applies,  results  in  the  forma- 
tion of  a  single-layered  blastosphere,  with  a  small  segmentation 
cavity,  in  which  the  animal  and  vegetative  poles  can  readily  be  dis- 
tiuguishcil  owing  to  the  smaller  size  of  the  cells  at  the  animal  pole. 

The  hypoblast  cells  at  the  vegetative'  pole  become  invaginated  in 
the  normal  manner  (fig.  128  A),  the  blastopore  becomes  narrowed 
tf)  a  slit  with  an  autero-posterior  direction,  i,e.  parallel  to  the  line 

^  The  eUfwification  of  the  Polyzoa  adopted  in  this  chapter  is  ehewn  in  the  Bubjoined 
table: 

I.  Entoprocta. 
II.  Ectoprocta. 

(a,   Chilofltomata. 

1.  Gymnousmata  -vb.    Ctenostomata. 

(r.    Cycloetomata. 

2.  Phtlactolamata. 

8.    PoixMrroMATA  {RhabdopUura). 

'  The  succeeding  statements  about  the  gastrnla  are  deriyed  from  Hatschek. 
According  to  Salennky  a  scfnnentation  cavity  is  not  present,  and  the  hypobUst  would 
seem  to  be  formed  by  delamination  or  opibole.  Barrois  finds  a  gastrnla  in  both 
LoioHoma  and  Pedicellina,  but  gives  no  details.  Uljanin  finds  a  segmentation  cavity 
in  Pedic<*llina»  and  Bchmidt  would  appear  to  have  observed  a  gastrnla  stage  in 
lioxosoma.  None  of  the  accounts  we  have  can  be  compared  in  fullness  of  detail  to 
that  of  Hatschek. 
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connecting  th^  mouth  and  anus  in  the  adult.  At  the  hinder 
extremity  of  the  blastopore  there  are  present  two  conspicuously 
large  cells  (fig.  128  B,  me),  one  on  each  side  of  the  middle  line. 
These  cells  give  rise  to  the  mesoblaat.  On  the  completion  of  the 
invagination  the  mesoblasts  become  covered  by  the  epiblast  (fig. 
128  C,  wie).  The  blastopore  then  closes,  but  in  the  position  it 
occupied  the  epiblaat  becomes  thickened  to  form  the  nidiment  of 
the  vestibule,  which  at  this  stage  constitutes  a  disc  marked  off  by 
a  shallow  groove  from  the  remainder  of  the  lx)dy. 


Fni.  128.     Threi!  btaoeh  in  thk  ubvklufhekt  fv  Pei'Icellina  ecuin.vta.     (AfUr 
Hateohek.) 

1  cavity;    o.e.   arohenteron; 
hj^wblaat. 

A  ia  tbo  commencuig  gaatnilB  Blage  ftasa  the  nide  in  optioal  waliaa. 

B  ia  a  slit;hU;  Uter  stage  from  above  ia  optioal  Heotion.     It  shewB  the  two  primitive 
mesolilEuit  cell*). 

C  is  a  latur  stage  after  the  olosnre  of  the  blastopore,  viewed  &om  the  aide  in  optioal 


At  the  anterior  extremity  of  this  disc  an  invagination  arises  to 
form  the  cesophagus  (fig.  129  A,  oe) ;  and  not  long  afterwards  a 
posterior  inva^nation  to  form  the  rectum  {^%.   129  B,  an.i).     The 


(After  Hatacbek.) 
'.  BTohEnleron :    nn.f.  nool   invagioatioii  i   /.  fold  of  epiblast; 
.  probtematicai  body  derived  from  hypoblast  (probably  a  bndl. 
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oral  disc  and  the  oeBOphagiis  are  richly  ciliated.  Tlie  resopha^B 
first,  and  afterwards  the  rectum  unit*  with  the  archenteron  {fig.  130), 
the  walls  of  which  soon  become  dilfereDtiated  into  a  etomacb  and 
iutestiue,  and  on  the  upper  wall  of  the  fonner  the  hepatic  cells 
become  especially  conspicuous  (fig.  ISOj. 

During  the  completion  of  the  alimentary  canal  a  number  of 
important  structures  is  formed.  The  disc  iu  which  the  oral  and 
anal  apertures  are  situated  becomes  converted  into  a  true  vesti- 
bule. On  its  floor,  between  the  mouth  and  the  anus,  there  arises 
a  marked  promineuce  with  a  tuft  of  cilia  (fig.  130  B),  which  per- 
sists in  the  adult 

This  prominence  \s  perhaps  equivalent  to  the  epistome  of  the 
Phylaototacmata  and  the  disc-like  organ  of  Rhabdopleura,  which 
Lankester  has  compared  to  the  moUuscan  foot'. 

Very  shortly  after  the  first  formation  of  the  vestibule  there 
appears  at  the  opposite  end  of  the  larva  a  thickening  of  the  epiblast, 
which  soon  becomes  invaginated,  anil  forms  an  eversible  pit  (fig. 
12.1  A  and  B,/^.).  Round  its  mouth  there  is  formed  a  ring  of  stiff 
cilia  (fig  130,  /'.y.).  This  organ  is  very  possibly  equivalent  to  the 
cement  gland  described  by  Kowalevsky  in  the  adult  Lososoma.  I 
shall  speak  of  it  as  the  ciliated  disc. 

The  epiblast  cells  early  secret**  a  cuticle. 

The  two  mesoblast  cells  soon  increase  by  division,  and  occupy 
the  space  between  the  alimentary  canal  and  the  body  wall.  They 
do  not  become  divided  into  a  splanchnic  and  somatic  layer;  but  give 
rise  to  the  interstitial  connective  tissue  and  muscles.  From  the 
mesoblast  there  is  also  formed,  according  to  Hatschek,  a  pair  of 
ciliated  encretory  canals,  in  the  space  between  the  mouth  and  anus 
(fig.  130  B,  tiph.).  The  development  of  the  nervous  system  has  not 
been  observed, 

At  a  comparatively  late  stage  in  the  development  there  is 
funned  round  the  edge  of  the  vestibule  a  ring  of  long  cilia  {fig. 
130  B,  VI.). 

A  remarkable  organ  maJces  its  appearance  on  the  dorsal  side  of 
the  cBBopliagus  (the  side  opposite  the  adult  ganglion)  formed  of  an 
oval  mass  of  cells  attached  to  the  epiblast  at  the  apex  of  a  small 
ciliated  papilla  (fig.  130  A  and  B,  x.).  This  organ  will  be  spoken 
of  as  the  dorsal  organ.  According  to  Hatschek  it  develops  as 
a  solid  outgrowth  of  the  hypoblastic  walb  of  the  mesenteron  shortly 
before  the  mesenteron  joins  the  (Esophagus  (fig,  129  B,  x.).  The 
cells  composing  it  arrange  themselves  as  a  sack,  which  acquires  an 
(•xtemal  opening  on  the  dorsal  surface  (fig.  130  A,  x.).  In  a  later 
stage  the  lumen  of  the  sack  disappears,  but  at  the  junction  of  the 
organ  with  the  epiblast  a  pit  is  fonned,  lined  with  ciliated  cells, 
which  is  capable  of  being  protruded  as  a  papilla.     The  organ  itxelf 


of  Rfaabdoplca 


'     QUUT 
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bccomcB  invested  by  a  lining  ol'  cells,  which  Hatschek   regards  as 
mesoblufitic.     A  iit:arly  similar  organ  to  this  is  found  \n  the  embryo 


Fm.  laO.     Two  aiAOES  in  tiik  hevei.oI'uent  ok  Pkuuei.liba.     (After  Hfttacbek). 
^^^  V.  vealibule:  m,  moutli;  I,  livur;  lig.  hindRUt;  n.   anus;  uii.i.   aa&]  invagiaatiuii : 

^^^L      vph.  dnct  of  kidnej;  //.  ciliated  disc;  x.  dor&al  organ  (probabl;  bud). 

^^V  of  Loxosoma  [Vugt  (No.  302)  and  Barrois  (No.  398)].  Here  however 
^^  it  is  double,  and  forms  a  kind  of  disc  connected  with  two  eye  spots. 
HatBcbek  has  made  with  reference  to  the  dorsal  organ  tbe  ex- 
tremely plausible  suggestion  that  it  is  a  rudimentary  bud,  and  that 
the  hypoblastic  sack  it  contains  gives  rise  to  the  hypoblast  of  the 
young  polype  developed  from  tbe  bud.  Although,  owing  to  the 
deficiency  of  our  observations  on  the  attachment  of  the  larva,  this 
guggestion  baa  not  received  direct  confirmation,  yet  the  relatioua  of 

I  dorsal  ot^ns  in  Pediceltina  and  Loxosoma  respectively  strongly  con- 
firm Hatfchek's  view  of  their  nature.  Both  of  these  forms  mcrease 
in  the  adult  state  by  budding:  in  PediceJlina  there  is  a  single 
row  of  buds  formed  successively  on  the  dorsal  side  of  tbe  stem, 
corresponding  with  the  single  dorsal  organ  of  the  embryo;  while 
in  Loxosoma  a  double  row  of  buds,  right  and  left,  is  formed,  in 
correspondence  with  the  double  nature  of  the  dorsal  organ. 
As  to  tho  mode  of  attachment  of  the  embryo  nest  to  nothing  is  known, 
the  few  observations  we  have  being  due  to  Barroia.  From  tbese  obsefvations 
it  would  appear  probable  that  the  larva,  as  is  usual  amongst  Polyzoa, 
does  not  benouie  directly  converted  into  the  permaneot  form,  but  tlmt, 
on  becoming  fixed,  it  undergoes  a  meUiDioi'|ihosia  in  the  course  of  which  its 
organs  atrophy,    I  would  venture  to  suggest  that  the  whole  frfie-swimming 
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larva  atrophies,  while  the  dorsal  organ  alone  develo|)S  into  the  fixed 
form*. 

Although  the  changes  which  take  place  during  budding  do  not  fall 
within  the  province  of  this  work,  it  may  be  well  to  state  that  Hatschek 
has  observed  during  this  process  the  development  of  the  nervous  system 
and  the  generative  organs.  The  nervous  system  arises  as  an  unpaired 
thickening  of  the  epiblastic  floor  of  the  vetttibule,  l)etween  the  mouth  and 
the  anus.  On  becoming  constricted  off  from  the  cpiblast  the  nerve 
ganglion  contains  a  central  cavity  which  afterwards  vanishes. 

The  generative  organs  originate  as  a  |)air  of  8|>ecial]y  large  mesoblast 
cells  in  the  space  between  the  stomach  and  the  floor  of  the  vestibule. 
These  two  cells,  surrounded  by  an  investment  of  flattened  mesoblnst  ct>lls, 
subsequently  divide  and  form  two  masses.  At  a  still  later  |)eriod  each 
mass  divides  into  an  anterior  and  a  |>osterior  |>art ;  the  former  giving  rise 
to  the  ovary,  the  latter  to  the  testis.  Tlic  similarity  of  this  m(xle  of 
development  of  the  generative  organs  to  that  ol)served  by  Butschli  in 
Sagitta,  which  is  described  in  the  sequel,  is  very  striking. 

ECTOPROCTA. 

Although  the  embryology  of  the  Ectoprocta  has  been  investigated 
by  a  very  considerable  number  of  the  distinguished  naturalists  of  the 
century,  many  points  connected  with  it  still  stand  in  great  need  of 
further  elucidation.  The  original  nature  of  the  embryo  was  rightly 
interpreted  by  Grant,  Dalyell  and  other  naturalists,  but  it  was  not 
till  Huxley  demonstrated  the  presence  of  both  the  ovary  and  testis 
that  the  true  sexual  origin  of  the  embryo  in  the  ovicells  became  an 
established  fact  in  science.  The  recent  memoir  of  Barrois  (No.  298), 
though  it  contains  the  reconl  of  a  vast  amount  of  research,  and 
marks  a  great  advance  in  our  knowledge,  still  leaves  a  great  number 
of  points,  both  with  reference  to  the  early  development  and  to  the 
larval  metamorphosis  in  a  very  unsiitisfactory  condition. 

Four  larval  forms  can  be  distinguished,  viz. 

(1)  A  larval  form  which  with  slight  mollifications  is  common  to 
all  the  genera  of  the  Chilostomata  (except  Membranipora  and 
Flustrella)  and  of  the  Ctenostomata. 

(2)  A  bivalved  larva  of  Membranipora  known  as  Cyphonautes, 
the  true  nature  of  which  was  first  rccognizeii  by  Schneider  (No.  322), 
and  the  closely  allied  lar\'a  of  Flustrella. 

(3)  The  typiciil  Cyclostomatfuis  larva,  for  the  first  full  descrip- 
tion of  which  we  are  indebted  to  Barrois  (No.  298). 

(4)  The  larva  of  the  Oymnola;mata. 

Cliilostoinata  and  Ctenostomata.    As  an  example  of  the  first 

type  of  laiva;,  Alcyunidium  mytili^  one  of  the  Ctenostomata,  may  bo 

'  My  view  of  the  metaiDor|)}io8i8  which  takcH  place  during  tlie  fixation  of  tlie 
Unra  iiivolvoH  the  nnpiKM^ition  that  in  LoxoHonia,  al)oiit  the  attachment  of  which  we 
know  ahmtlutely  nothing,  two  buds  arc  directly  fonnc<l  in  accordance  with  the  double 
nature  of  the  dorHal  organ. 
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conveDiently  selected  for  description,  as  having  been  more  completely 
worked  out  by  Barrois  than  perhaps  any  other  form.  The  seg- 
mentation commences  in  the  normal  manner  by  the  appearance  of 
two  vertical  furrows  followed  by  an  equatorial  furrow,  which  divide 
the  ovum  into  eight  equal  spheres.  The  stage  with  eight  spheres  is 
followed,  according  to  Barrois,  by  one  with  sixteen,  formed  in  a  re- 
markable manner  by  the  simultaneous  appearance  of  two  vertical 
furrows,  both  parallel  to  one  of  the  original  vertical  furrows,  so  that 
the  segmentation  spheres  at  this  stage  are  arranged  in  two  layers  of 
eight  each.  In  the  next  stage  segmentation  takes  place  along  two 
frash  vertical  planes,  similar  to  those  of  the  last  stage,  but  at  right 
angles  to  them,  and  therefore  parallel  to  the  second  of  the  two  pri- 
mitive vertical  furrows.  At  the  close  of  this  stage  there  are  thirty- 
two  cells  arranged  in  two  layers  of  sixteen  each,  and  when  viewed  from 
the  surface  each  of  these  layers  presents  a  regularly  symmetrical  pat- 
tern. Up  to  the  stage  with  sixteen  cells  the  two  poles  of  the  egg, 
separated  by  the  primitive  equatorial  plane  of  segmentation,  remain 
equal,  but  during  the  stage  with  thirty-two  cells  a  peculiar  change 
takes  place  in  the  character  of  the  cells  at  the  two  poles.  At  the  one 
pole,  which  will  be  spoken  of  as  the  oral  pole,  the  four  central  cells 
become  much  larger  than  the  twelve  peripheral  cells. 

The  stafi;es  immediately  following  are  still  involved  in  much  ob- 
scurity, and  have  been  described  very  differently  by  Barrois  in  his 
original  memoir  (No.  298),  and  in  a  subsequent  note  (No.  307)\  In 
the  latter  he  states  that  the  four  large  cells  of  the  oral  face  become 
enclosed  by  the  division  and  growth  of  the  twelve  peripheral  cells. 
They  are  thus  carried  into  the  interior  of  the  ovum ;  and  there  divide 
into  a  central  vitelline  mass — the  hypoblast — and  a  peripheral  meso- 
blastic  layer. 

The  eight  peripheral  cells  of  the  aboral  pole  divide  vertically,  and, 
owing  to  the  eight  central  cells  at  the  aboral  pole  dividing  trans- 
versely so  as  to  form  a  protuberance  on  the  aboral  surface,  they  con- 
stitute a  transverse  ring  of  large  cells  round  the  ovum,  which  become 
ciliated  and  constitute  the  main  ciliated  band  of  the  embryo,  cor- 
responding to  the  ciliated  band  at  the  edge  of  the  vestibule  of  the 
entoproctous  larvae.  They  divide  the  embryo  into  an  aboral  and  an 
oral  region.  The  central  part  of  the  aboral  projection  forms  a 
structure  which  I  shall  speak  of  as  the  ciliated  disc.  It  probably 
corresponds  with  the  ciliated  disc  in  the  Entoprocta,  An  invagina- 
tion is  next  formed  on  the  oral  surface,  which  gives  rise  to  a  sack 
opening  to  the  exterior  (fig.  131,  st).  This  was  originally  held  by 
Barrois  to  bo  the  stomach;  but  BaiTois  now  prefers  to  call  it  'the 
internal  sack.'  To  my  mind  it  is  probably  the  stomodaeum.  The 
embryo  has  become  in  the  meantime  laterally  compressed,  and,  at 

^  The  note  (No.  307)  refers  in  the  first  instance  to  the  changes  in  the  larvie  of  the 
Chilostomata,  but  the  similarity  of  the  larvao  of  the  Ctcnostomata  to  those  of  the 
Chilostomata  renders  it  practically  certain  that  the  corrections,  in  so  far  as  they  apply 
to  the  one  gronp,  apply  also  to  the  other. 
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what  I  shall  call  the  anterior  end  of  the  oral  disc,  a  structure  makes 
its  appearance  (fig.  131,  m),  which  is  probably  homologous  with  the 
dorsal  organ  of  the  larva  of  PpdicelUna  and  may  go  by  the  same 
name.     It  was  originally  interpreted  by  Barrois  as  the  pharynx'. 

The  larva,  having  now  acquired  all  the  important  structures  it  is 
destined  to  possess,  becomes  free.  It  is  shewn  in  fig.  131  ;  the  oral 
face  being  turned  upwards.  There  are  two  rings  of  cilia,  one  round 
the  edge  of  the  ciliated  disc,  and  a  second  with  larger  cilia  on  the 


ring  of  large  cells  described  above.  This  ring  projects  somewhat; 
its  projecting  edge  being  directed  towards  the  ciliated  disc.  The 
dorsal  organ  {mf)  is  placed  on  the  oral  face  at  the  bottom  of  an 
elongated  groove,  in  front  of  which  is  a  bunch  of  long  cilia  or  flagella. 
Two  long  flagella  are  also  developed  at  the  posterior  extremity  of 
the  oral  face,  and  two  pairs  (on  anterior  and  a  posterior)  of  eye-spots 
also  appear.  Towards  the  posterior  extremity  of  the  oral  face  is  seen 
a  body  marked  st.  which  forms  the  internal  sack.  If  I  am  right  in 
regarding  this  as  the  stomodieum,  it  is  probable  that  it  never  unites 
with  the  invaginated  hypoblast,  and  that  the  alimentary  tract  of  the 
larva  remains  therefore  permanently  in  an  imperfect  condition. 

Careful  observations  have  lieen  made  by  RepiachoflT  (No.  318)  on  the 
early  development  of  Teudra,  which  accord  in  some  reepcctH  with  the  resnila 
arrived  at  by  liarrois  in  his  oucond  memoir.  The  oleervations  are  not, 
unfortunately,  carried  down  to  the  com{ilft«  development  of  the  larva. 

The  ovuiii  divides  in  the  normal  way  into  two  and  then  four  uniform 
segments.  These  four  next  become  divided  by  an  equatorial  furrow  into  four 
ilorxAl  and  four  ventral  ttegmentii,  the  former  constituting  the  aboml  pole 
and  forming  the  e|iibliist,  and  the  latter  the  oral  polo.  Thu  stag^  with 
sixteen  and  thirty-two  cells  appear  to  bo  formed  in  the  same  manner  as 
in  Alcyi>niiliura-~hut  between  the  two  layera  of  cells  forming  the  oral  and 
aboral  poles  a  well-nmrked  sep^mentation  cavity  arises  at  the  slvge  with 
sixteen  segmenta.      At  the  stage  with  thirty-two  cells  the  fotir  middle 

'  The  interpretation  of  the  Urvic  pven  in  tbe  teit  maul  bo  roBiinled  sb  Bomevlikt 
tcntatin,  The  ojaeily  of  tbe  free  larvs  iji  vcrj  vjft,K,  and  dmoal  ever;  one  ol  tbe 
niUDcroiu  anttiont  who  have  worknl  on  these  larva.'  have  arriled  al  different  c< 
aa  to  tbe  phyaiological  iiigniAoBiice  of  the  Tanoiis  jiartn. 
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cells  of  the  oral  side,  which  are  larger  than  the  others,  become  divided 
into  two  tiers,  in  sudi  a  manner  as  to  form  a  prominence  projecting  into 
the  B^pnentation  cavity.  By  the  appearance  of  a  lumen  in  this  promi- 
nence it  becomes  converted  into  an  archenteron,  which  communicates  with 
the  exterior  by  a  blastopore  in  the  middle  of  the  oral  surface.  The  blasto- 
pore becomes  eventually  closed. 

The  archenteric  sack  of  Repiachoff  is  clearly  the  same  structure  as 
Barrois'  four  invaginated  cells  of  the  oral  face,  their  further  history  has 
unfortunately  not  been  followed  out  by  Kepiachoff. 

The  free  larva  swims  about  for  some  time,  and  then  fixes  itself 
and  undergoes  a  metamorphosis ;  but  the  exact  course  of  this  meta- 
morphosis  fa  stiU  very  imperfectly  known. 

According  to  the  latest  statements  of  Barrois  the  attachment 
takes  place  by  the  oral  face\  The  ciliated  disc,  which  in  the  free 
larva  forms  a  kind  of  cup  directed  towards  the  aboral  end,  turns 
in  upon  itself  towards  the  oral  face.  It  subsequently  undergoes 
degeneration  and  forms  a  nutritive  or  yolk-mass.  The  skin  of  the 
larva  after  these  changes  gives  rise  to  the  ectocyst  or  cell  of  the 
future  polype.  The  future  polype  itself  appears  to  originate,  in  part 
at  any  rate,  from  the  so-called  dorsal  organ". 

The  first  distinct  rudiment  of  the  polype  appears  as  a  white  body, 
which  gradually  develops  into  the  alimentary  canal  and  lophophore. 
While  this  is  developing  the  ectocyst  grows  rapidly  larger,  and  the 
yolk  in  it«  interior  separates  from  the  walls  and  occupies  a  position  in 
the  body  cavity  of  the  future  polype,  usually  behind  the  developing 
alimentary  canal.  According  to  Nitsche  (No.  316)  it  is  attached  to  a 
protoplasmic  cord  (funiculus)  which  connects  the  fundus  of  the 
stomach  with  the  wall  of  the  cell.  It  is  probably  (Nitsche,  etc.)  simply 
employed  as  nutritive  material,  but,  according  to  Barrois,  becomes 
converted  into  the  muscles,  especially  the  retractor  muscles. 

Adopting  the  hypothesis  already  suggested  in  the  case  of  the 
Entoprocta  the  metamorphosis  just  described  would  seem  to  be  a  case 
of  budding  accompanied  by  the  destruction  of  the  original  larva. 

This  view  of  the  nature  of  the  post-embryonic  metamoqihosis  is  api>a- 
rently  that  of  Claparede  and  Salensky,  and  is  bupported  by  Clapardde's 
statement  that  the  formation  of  the  first  polype  '  resembles  to  a  hair '  that 
of  the  subsequent  buds.  The  mode  of  budding  would,  however,  appear  to 
present  certain  peculiarities,  in  that  the  whole  larval  skin  passes  directly 
into  the  bud,  while  from  the  rudinicntaiy  bud  of  the  larva  the  lophophore 
and  alimentary  tract  only  of  the  fixed  polype  are  formed. 

Flustrella  and  Cyphonantes.  The  next  group  of  larval  forms  is 
that  of  which  Cypnonautes  is  the  best  known  type.  The  larvae 
composing  it  at  first  sight  appear  to  have  but  little  in  common  with 

^  Barrois  himself  held  the  opposite  view  in  his  earlier  memoir,  and  other  obseryers 
have  done  the  same. 

*  The  statements  on  this  head  are  so  nnsatisfactory  and  contradictory  that  it  does 
not  appear  to  me  worth  while  quoting  them  here;  even  the  latest  accounts  of  Barrois, 
which  entirely  contradict  his  early  statements,  can  hardly  be  regarded  as  satisfactory. 
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the  larvx;  hitherto  described.  Tbe  researches  of  Barrois  (No.  298)  and 
HetschDiko9'(No.3i4),  (but  especially  those  of  the  former  on  the  early 
stipes  of  Fltutrella  hiapida,  the  larva  of  which  is  very  dmilar  in  form 
to  Cyphooautes,  though  without  so  great  a  complexity  of  organisation), 
have  given  a  vatiBfactory  basis  for  a  general  comparisoti  of  Cypho- 
naiita^  with  other  ectoproctous  larvte. 

The  segmentation  and  early  stages  of  the  embryo  of  Flustrella 
reaemble  closely  those  of  Alcyonidium.  A  projecting  ring  of  ham 
celU  is  formed,  dividing  the  larva  into  oral  and  aboral  parts.  The 
oral  part  soon  however  becomes  very  small  as  compared  with  the 
aboral,  and  becomes  vertically  flattened  so  as  to  be  nearly  on  a 
level  with  the  ring  of  large  cells.  In  tbe  next  stj^e  the  flattemog 
becomes  completed ;  and  the  ring  of  large  cells  surrounds,  like  the 
vestibule  of  the  Entoprocta,  a  flat  oral  disc.  The  aboral  side  is 
dome-shaped,  and  forms  the  greater  part  of  the  embryo. 


LDi.     (After  BuroiB.) 
:.  itomodBDiD  (T) ;  (.  e 


lu  the  next  stage  a  small  disc — the  ciliated  disc — is  formed  in 
tbe  middle  of  the  aboral  dome.  Tbe  larva  becomes  laterally  com- 
pressed. Tbe  ring  of  large  cells  which  now  constitute  the  edge  of 
the  vestibule  is  covered,  as  in  the  larva  of  Pedicetlina,  by  cilia, 
which  are  specially  long  in  front  of  the  dorsal  organ. 

In  the  next  stage  the  ciliated  disc  (fig,  132,  s.)  becomes  reduced 
in  size,  but  surmounted  by  a  ring  of  cilia  round  the  edge,  and  a  tuft 
»f  cilia  in  the  centre.  The  chief  difference  between  this  larva  and 
that  of  Alcyonidium  depends  on  the  small  size  of  the  ciliated  disc, 
Rod  the  oral  position  of  the  ciliated  ring  in  the  former.  There 
ore  intermediate  types  between  these  forms  of  larvee. 

This  stage  immediately  precedes  the  liberation  of  the  larva.  The 
free  larva  ditTers  from  that  in  the  ovicell  mainly  in  the  possession 
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of  a  shell  formed  as  a  cuticular  structure,  coniposed  of  two  valves 
placed  on  the  two  sides  of  the  embryo.  The  aboral  ciliated  disc,  still 
more  reduced  in  size,  loses  its  cilia,  and  becomes  enclosed  between 
the  two  valves  of  the  shell. 

The  post-embryonic  metamorphosis  follows,  so  far  as  is  known, 
the  course  already  described  for  the  larva  of  Alcyonidium. 

Cyphonautes  (fig.  133)  forms  at  certain  seasons  of  the  year 
cine  of  the  commonest  captures  in  the  surface  net.  It  was  origi- 
nally described  by  Ebreuberg,  but  the  important  discovery  of  its 
true  nature  as  the  larva  of  Membranipora  (the  common  species  G. 
campres»ii8  is  the  larva  of  Mem.  pilosa),  a  genus  of  the  chilostomatous 
Polyzoa,  was  mado  by  Schneider  (No.  322).  The  younger  stages  of 
the  larva  have  not  been  worked  out,  but  from  a  comparison  with  the 
last  described  larva  it  is  easy  to  make  out  the  general  relationship 
of  the  parts.  The  larva  has  a  triangular  form  with  an  aboral  apex, 
corresponding  with  the  summit  of  the  dome  of  the  Flustrella  larva, 
and  an  oral  base.  It  is  enclosed  in  a  bivalve  shell,  the  two  valves 
of  which  meet  along  the  two  aides,  but  are  separate  along  the  base. 
At  the  apex  an  opening  is  left  between  the  two  valves,  through 
which  a  ciliated  disc  (/.jr)  of  the  same  character  and  nature  as  that 
of  previous  larvie  can  be  protruded. 

The  oral  side  or  base  is  girthed  by  a  somewhat  sinuous  ciliated 
edge,  which  is  continued  round  the  anterior  and  posterior  extremities 
of  the  oral  disc.  It  is  no  doubt  equivalent  to  the  ciliated  ring  of 
other  larvie.  Two  openings  aro  present  on  the  oral  face,  both 
enclosed  in  a  special  lobe  of  the  ciliated  ring.  The  larger  of  these 
leads  into  a  depression, 
which  may  be  called  the 
vestibule;  and  is  situated 
on  the  posterior  side  of 
the  oral  surface.  The 
smaller  of  the  two,  on  the 
anterior  side,  leads  into  a 
cavity  which  is  apparently 
(Hatschek)  equivalent  to 
the  rudimentary  bud  or 
dorsal  organ  of  other  larvEe. 
The  deeper  part  of  the 
vestibule  leads  into  the 
mouth  (m)  and  oesopha- 
gus; thelatter  is  continued 
till  close  to  the  apex  of 
the  larva,  there  bends  up- 
on itself,  dilates  into  a 
stomach,  and  is  continued 
parallel  to  the  oesophagus  as  the  rectum  which  opens  by  an 
anus  («')  at  the  posterior  end  of  the  vestibule.  A  peculiar  paired 
oi:gan  is  situated  on  each  side  nearly  above  the  stomach.    Its  nature 


Fia.  1.^3.     Cyphonavteb  (i.AitVA  1 
3iu).      (After  Halschek.) 
m.  month;    a'.  Anns;    /,g.  ciliated  disc;    x, 
pioblematical  body  ([oubably  a  bud). 
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is  somewLat  doubtful.  It  was  regarded  as  muscular  by  Clapar^de 
(No.  309),  though  thU,  as  shewn  by  Schneider,  is  no  doubt  a 
mistake.  AUmaa  (No.  305)  regards  it  as  hepatic,  and  Hatschek  as  a 
thickeDing  of  the  epidermis.  Close  to  each  of  these  orcans  is  a 
small  body  regarded  by  Claparfede  as  an  accessory  muscle.  It  is 
placed  in  the  normal  position  for  a  Polyzoon  ganglion,  and  may 
perhaps  be  therefore  regarded  as  nervous  in  nature.  Allman  points 
out  its  similarity  to  a  bdobod  ganglion,  but  is  not  inclined  to  take 
this  view  of  it.  The  constitution  of  the  parts  contained  in  the 
anterior  cavity  {x)  is  somewhat  obscure.  The  most  elaborate  descrip- 
tions  of  them  are  given  by  Schneider  and  Allman.  Lining  the 
cavity  is  apparently  a  moss  of  spherical  bodies,  cunnectud  with  which 
is  a  tongue-like  process  provided  with  long  cilia,  which  can  be  protnided 
from  the  orifice.  Internal  to  this  is  a  striated  body.  A  good  figure 
of  the  whole  structure  is  given  by  Schneider. 

The  general  similarity  of  Cyphonautes  to  the  other  larvie  is  quite 
obvious  from  the  above  description  and  figure.  In  the  presence  of 
an  anus,  a  vestibule,  and  possibly  a  nervous  system,  it  clearly  exhibits 
a  far  more  compUcated  organisation  than  any  other  Polyzoon  larvee 
except  those  of  the  Eutoprocta. 

The  post-embiTooic  metamorphosis  of  Cyphonautes,  admirably 
investigated  by  Schneider,  takes  place  in  the  same  manner  as  that 
of  other  larvse,  and  is  accompanied  by  the  degeneration  of  the  larvid 
organs,  and  the  formation  of  a  clear  body,  which  gives  rise  to  the 
alimentary  cavity  and  lophophore  of  the  fixed  polype.  The  larval 
shell  takes  part  in  the  formation  of  the  ectocyst  of  the  polype. 

Cyclostomata.  W^  owl>  to  Barroia  by  far  the  fullest  account  of  the 
development  of  the  Oyclostoniata,  but  how  far  hin  interpretations  nn;  to 
be  trusted  is  very  doubtful  The  lurvte  differ  very  uonaidembly  from  the 
normnl  larvie  of  the  Cliilostomuta  and  Oteuoatomatn ;  the  iliSereiice  being 
maiuly  due  to  the  enormous  development  of  the  ciliated  disc.  Barroia  has 
invtstigated  the  larvio  of  three  genera,  Phoiatigello,  Crisio,  and  DiOHtopont, 
and  slates  that  they  very  closely  resemble  each  other.  The  ovum  is  ex- 
tremely minute. 

The  segmentation,  so  far  as  it  has  been  mode  out,  is  regular.  During 
the  segmeatation  growth  is  very  rapid,  and  eventually  there  is  formed 
a  blastosphere  many  timea  larger  than  the  original  ovum.  Tlie  bl«sto~ 
sphere  liecomes  flattened,  and  is  converted  into  a  gaatrula  by  beading  up 
into  a  cup-like  form.  The  gustrula  0[>ening  is  staled  to  remain  as  the  [ler- 
manent  mouth,  which  has  a  terminal  and  central  |MMitioii.  A  IratisvDrae 
ring-like  thickpriiing  is  formed  round  the  larva,  wbieh  probably  oorrcsjxtnds 
with  tlie  ciliated  ring  of  previous  larvn ;  and  the  body  of  the  larva  in 
front  uf  this  ring  becomes  oliated.  The  aboral  end  of  the  larva  becomes 
thickened,  and  growa  out  iJito  an  elongated  prominence,  which  probably 
correejioiids  to  the  ciliated  disc.  The  ring  before  mentioned  becomca 
at  the  Hame  time  more  promiuent,  and  forms  a  cylindrical  aheath  for  the 
ciliated  disc.  At  the  time  when  tbe  larva  becomes  liberated  from  the 
maternal  cell  it  baa  the  form  of  a  barrel  with  a  slight  constriction  in 
the  middlu  separating  the  oral  from  the  aboral  eud.     At  the  centre  of  the 
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oral  face  is  situated  the  mouth,  leading  into  a  wide  stomach,  while  the 
aboral  end  is  formed  of  the  ciliated  disc  enclosed  in  its  sheath.  The 
whole  surface  is  now  ciliated.  No  structure  equivalent  to  the  dorsal  organ 
or  bud  is  described  by  Barrois,  but  in  other  respects,  if  the  ciliated  disc  is 
really  equivalent  in  the  two  forms,  a  general  com})ari8on  on  the  line  indi- 
cated above  between  this  larva  and  the  normal  larvae  of  the  Ctenostomata 
and  Chilostomata  seems  quite  possible.  The  fixation  and  subsequent  de- 
velopment of  the  larva  take  place  in  the  normal  manner. 

PhylactolsBmata.  The  development  of  the  phylactolsematous 
Polyzoa  has  been  studied  by  Metschnikoff  (No.  315),  who  describes 
the  eggs  as  undergoing  a  complete  segmentation  within  a  peculiar 
brood-pouch  developed  from  the  walls  of  the  body  of  the  parent. 
After  segmentation  the  cells  of  the  embryo  arrange  themselves  in 
two  layers  round  a  central  cavity.  The  embryo  then  forms  the  well 
known  cyst,  from  which  a  colony  is  formed  by  a  process  of  budding. 

General  considerations  on  the  Larvae  of  the  Polyzoa. 

The  diflferent  forms  of  embryo  amongst  the  Polyzoa  are  repre- 
sented in  figs.  130  B,  131,  132,  and  133  in  what  I  regard  as 
identical  positions,  and  fig.  133  A  is  a  figure  of  what  may  be  regarded 
as  an  idealized  larval  Polyzoon.  In  all  the  larvae  there  is  present 
a  ciliated  ring,  which  separates  an  oral  from  an  aboral  face,  and 
is  apparently  homologous  throughout  the  series.  In  the  adult  it 
is  probably  represented  by  the  lophophore.  On  the  oral  face  is 
situated  in  all  cases  the  mouth,  and  in  the  entoproctous  larvae  and 
Cyphonautes  also  the  anus.  It  thus  appears  that  Cyphonautes, 
though  the  larva  of  an  ectoproctous  form,  is  itself  entoproctous — 
a  fact  which  tends  to  shew  that  the  Entoprocta  are  the  more 
primitive  forms.  In  all  the  larvaEs,  except  possibly  those  of  the 
Cyclostomata,  there  is  present  on  the  anterior  side  of  the  mouth, 
in  the  Ectoprocta  on  the  oral,  and  in  the  Entoprocta  on  the 
aboral  side  of  the  ciliated  ring,  an  organ,  to  which  is  attached 
externally  a  plume  of  long  cilia.  This  organ  has  been  identified 
throughout  the  series  in  accordance  with 
Hatschek's  view  as  the  dorsal  organ  or 
rudimentary  bud ;  but  it  is  well  to  bear 
in  mind  that  this  identification  is  of  a 
purely  hypothetical  character. 

On  the  aboral  side  of  the  ciliated  ring 
there  is  present  in  all  the  larvae  an 
organ,  which  has  been  called  the  ciliated 
disc,    which     is     probably     homologous  p^^.  133  a.    Diagram  of  ah 

throughout  the  series.     It  perhaps  re-    ideal  larva  of  a  Poltzoon. 
mains  in  the  adult  of  Loxosoma  as  the         m.  moath;  an  anus;  it.  sto- 
cement  gland,  but  not  in  other  forms.  °^^  J  *•  ""^^^  disc. 

The  Polyzoa  present  a  simple  and  almost  certainly  degraded 
organisation  in  the  adult  state ;  it  is  therefore  more  than  usually 
necessary  to  turn  to  their  larvae  for  the  elucidation  of  their  affinities. 
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iind  various  plausible  suggestions  have  been  made  as  to  the  inter- 
pretation of  the  characters  of  the  larvse. 

I^jikeHlor'  has  eu^ested  that  the  larvs^  are  essentially  similar 
to  those  of  Molluscs.  He  compares  the  main  ciliated  ring  to  the 
velum,  but  has  ingeniously  suggested  thai  it  represents  not  the 
simple  velar  ring  of  most  moUuscan  larvie,  but  a  more  extended 
longitudinal  ring,  of  which  the  gilla  of  Lamellibranchiata  are  sup- 
posed by  him  to  be  remnants,  and  to  which  the  Echinodenn  larva; 
with  one  continuous  ciliated  band  furnish  a  parallel. 

The  foot  he  finds  in  the  epistome  of  tne  Fhylactoliemata,  and 
the  disc  of  Rhabdopleura — both  situated  between  the  mouth  and 
anus,  and  therefore  in  Uio  situation  of  the  moJhiscan  foot  The 
peculiar  prominence  hetween  the  mouth  and  the  anus  in  Pedicellina 
{vide  fig.  130  B)  and  Loxoaoraa  is  probably  the  same  structure. 

Finally  he  identifies  my  ciliated  disc,  which  as  mentioned  above  is 
perhaps  equivalent  to  the  cement  gland  in  the  adult  Loitoxoma,  aa  the 
moliuscau  shell-gland.  Lank  eater's  interpretatioua  are  very  plausible, 
but  at  the  same  time  they  appear  to  me  to  involve  considerable 
diflGculties, 

There  is  absolutely  no  evidence  amongst  the  Mollusca  of  the 
exiateuce  of  a  primitive  longitudinal  ciliated  ring,  such  as  he  supposes 
to  have  existed,  and  Lankester  is  debarred  from  regarding  the 
cil!at«d  ring  of  the  Polyzoa  as  equivalent  to  the  simple  velar  ring 
of  the  Mollusca,  because  his  shell-gland  lies  in  the  centre  and  not 
as  it  should  do  on  the  poaterior  aide  of  the  ciliated  ring. 

Another  difficulty  which  I  find  is  the  invariable  ciliation  of 
Lankester's  shell-gland — a  ciliation  which  never  occurs  amongat 
Mollusca. 

It  appears  to  me  that  a  more  satisfactory  comparison  of  the 
larva)  of  the  Polyzoa  with  those  of  the  Mollust^'a  is  obtained  by 
dropping  the  view  that  the  ciliated  disc  is  the  shell-gland,  and  by 
regarding  the  ciliated  ring  as  equivalent  to  the  velum.  This  mode 
of  comparison  has  been  adopted  by  Uatschek. 

The  larva  ceases  however  on  this  view  to  have  any  special 
moUuscan  characters  (except  piisaibly  the  organ  which  Lankeater 
has  identified  as  the  foot),  and  only  resembles  a  moUuscan  larva 
to  the  same  extent  as  it  does  a  lan'a  of  the  Polychsela.  The  ciliated 
disc  lies  according  to  this  view  in  the  centre  of  the  velar  area  or 
pne-oral  lobe,  and  therefore  in  the  situation  in  which  a  tuft  of  cilia 
IS  often  present  in  lamellibranchiate  and  other  moUuscan  larvce,  ai>d 
also  in  tne  larvie  of  most  Chaetopoda.  It  is  moreover  at  this  point 
that  the  supra-<BSophageal  ganglion  is  always  formed  in  the  Mollusca 
and  Choitopoda  as  a  thickening  of  the  epiblast  (fig.  134,  eg.),  so  that 
the  thickening  of  the  epiblast  in  the  ciliated  disc  of  the  P"lyzoa  may 


|M>rhaps  be  a   rudiment  of  the  supra-cesophage^l   ganglia 


whici 
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entirely  atrophies  id  the  adult  after  the  attachment  has  been  effected 
in  the  region  of  this  disc 

The    compariBon  between   the   Polyzoon   larva  and   that   of    a 
Cbietopod  becomes  very  much   strengthened   by   taking   as   types 


Fio.  1S4.    Two  tnkata  ur  thb  DmLOFMsm  or  Mitbaiu.     (After  UetscbnikoS.) 
«.   month ;   an.  aniu ;    tg.  snpra-cesophageal  guiglioii ;    br.   uid  b.   prorisioiMl 
briitlM;  pr.h.  pm-onl  silikted  band. 

Hitraria'  (fig.  134)  and  Cyphonautes  (%.  133).  The  similarity 
between  these  two  forms  is  so  striking  that  I  am  cert^nly  inclioed 
to  view  the  larvre  of  the  Polyzon  as  trochospheres  similar  to  those  of 
Cbsetopods,  Botifera,  etc.,  which  become  fixed  in  the  advit  by  the  ex- 
tremity of  their  pra-oral  lobe. 

The  attachment  of  the  larva  by  the  prse-oral  lobe  is  not  more 
extraordinary  than  the  attachment  of  a  Barnacle  by  it£  head,  and 
after  such  a  mode  of  attachment  the  atrophy  of  the  Bup^MBSopbI^[ea] 
gan^on  would  be  only  natural. 

There  is  one  important  fact  which  deserves  to  be  noted  in  the 
development  of  the  Polyzoa,  viz.  that  if  the  suggestion  in  the  test 
as  to  tiie  mode  of  development  of  the  adult  &om  the  so-called  larva 
is  accepted,  the  Folyzoa  exhibit  universally  the  phetiomenon  of  alter- 
nationa  of  generationa.  The  ovum  gives  rise  to  a  free  form  which 
never  becomes  sexual,  but  produces  by  budding  the  sexual  attached 


>  The  lam  of  Uitnuia  Ii  figured  with  the  kbonl  rarfoce  tnmsd  npinrdi,  inetead  ot 
downwarda,  M  in  the  figure  ot  CjphanaatM.  The  ciliated  Imiid  i>  tino  di«gt*inm»tiomlly 
pat  in  blaak  for  gnater  dislinetneaa. 
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CHAPTER  XI. 


BRACHIOPODA'. 

The  observations  which  have  been  made  on  the  developmental 
history  of  the  Brachiopoda  have  thrown  very  considerable  light  on  the 
systematic  position  of  this  somewhat  isolated  group. 

Development  of  the  Layers. 

For  our  knowledge  of  the  early  stages  in  the  development  of  the 
Brachiopoda  we  are  fdmost  entirely  indebted  to  Kowalevsky '  (No.  326). 
His  researches  extend  to  four  forms,  Arsiope,  Terebratula,  Terebratu- 
lina,  and  Thecidium.  The  early  development  of  the  first  three  of 
these  takes  place  on  one  plan,  and  that  of  Thecidium  on  a  second  plan. 

In  Argiope,  which  mav  be  taken  as  typical  of  the  first  group,  the 
ova  are  transported  into  tne  oviducts  (segmental  organs)  where  they 
undergo  their  early  development.  The  segmentation  leads  to  the 
formation  of  a  blastosphere,  which  then  becomes  a  gastrula  by  invagi- 
nation. The  blastopore  gradually  narrows,  and  finally  closes,  while 
at  the  same  time  the  archenteric  cavity  (fig.  135  A)  becomes 
divided  into  three  lobes,  a  median  (me)  and  two  lateral  (pv).  These 
lobes  next  become  completely  separated,  and  the  middle  one  forms 
the  mesenteron,  while  the  two  lateral  ones  give  rise  to  the  body 
cavity,  their  outer  walls  forming  the  somatic  mesoblast,  and  their 
inner  the  splanchnic  (fig.  135  B).  The  embryo  now  elongates,  and 
becomes  divided  into  three  successive  segments  (fig.  135  B),  which  are 
usually,  though  on  insufficient  grounds  (vide  Thecidium),  regarded  as 

^  The  elassification  of  the  Brachiopoda  adopted  in  the  present  chapter  is  shewn  in 
the  Bal^oined  table : 


T     k^^^^^^4•^  ffl"  Rhynchonellidff. 

I.    Articulate.        \f,^   Terebratulid®. 


Sa.  LingnlidiB. 
b,   Craniadae. 
e,   Discinidie. 

*  Eowalevsky*B  Memoir  is  nnfortonately  written  in  Russian.  The  aoooont  in  the  text 
is  derived  from  an  inspection  of  his  fignres,  and  from  an  abstract  in  Hoffmann  and 
8chwalbe*8  Jahretberiehte  for  1878. 
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equivaleat  to  the  soginenta  of  the  Chtetopoda.     The  alimentary  tract 
is  not  continued  into  the  hindermost  of  them. 

In  Thecidium  the  ova  are  very  large,  and   development  takes 
place    in    a   special    incubatory    pouch    in    the    ventral  valve.     The 
embryos  are  attached  by   KiispenderH  to  the 
^  two  cirri  of  the  arms  which  immediately  ad- 

,„— »^lL-^-^  J*''"*  tti6  mouth.     There  is  a  nearly  regular 

py-^,    ,,,-z-~:^i^^^.^  \         segmentation,  and  a  very  small  segmentation 
I      i'   '    '~S  cavity  is  developed.     There  is  no  invagina- 

'         tion ;  but  cells  are  budded  oflF  from  the  walla 
~ —    f^  I  of  the  blastosphere,  which  eoon  form  a  solid 

n         J,^  central  mass,  enclosed  by  an  enternal  layer — 

the  cpibl&st.  In  this  central  mass  three  ca- 
vities are  developed,  which  constitute  the  me- 
senteron  and  the  two  halves  of  the  body 
cuvity.  Around  these  cavities  distinct  walls 
become  differentiated.  The  btwiy  (Lacazo 
Duthiers,  No.  327)  soon  after  becomes  divided 
into  two  segments,  of  which  the  posterior  is 
the  smaller.  The  hiuder  part  of  the  large 
anterior  segment  nest  becomes  constricted  oflF 
as  a  fresh  segment,  and  subsequently  the  re- 
maining part  becomes  divided  into  two,  of 
which  the  anterior  is  the  smallest.  The 
embryo  thus  becomes  divided  into  four  »^- 
ineuts,  of  whiih  the  two  foremost  appear  (?) 
together  to  correspond  to  the  cephalic  seg- 
ment of  Argiope ;  but  these  segments  are 
formed  not,  as  in  Chtetopoda  and  other  truly 
segmented  forms,  by  the  addition  of  fresh  segments  between  the  last- 
formed  segment  and  the  unsegmented  end  of  the  body,  but  by  the 
interpolation  of  fresh  segments  at  the  cephalic  end  of  the  body  as 
in  Cestodes;  so  that  the  hindermost  segment  is  the  oldest.  Assum- 
ing the  correctness'  of  Lacaze  Duthiers'  observations,  the  mode  of 
formation  of  these  segments  appears  to  me  to  render  it  probable 
that  they  are  not  identical  with  the  segments  of  a  ChiBtopod.  A 
suspender  is  attached  to  the  front  end  of  each  embryo.  Before  the 
four  segmcnta  are  established  the  whole  embryo  is  covered  with 
cilia*,  and  two  and  then  four  rudimentary  eyes  are  developed  on 
the  anterior  segment  of  the  body. 

The  history  of  the  Larva  and  tite  devtiU/pmeiU  u/  t/te  organs  0/  the 
Adult. 
Articttlata.     The  observations  of  Kowalevsky  and   Morse   have 
given  us  a  fairly  complete  history  of  the  Lirval  metamorphosis  of 


A.&aiopE.    (After  Eowalev- 

A.  Late  RAatnila  stage. 

B.  Staiie  nfter  the  larva 
lias  beooine  divided  ii 
three  netnnonts. 

bl.  blutopore ;  nr.  n 
wmterun :  pe,  body  cavl 
b.  (emporniy  biutles. 
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some  of  the  Articulata,  while  some  of  the  later  larval  stages  in  the 
history  of  the  luarticulata  have  been  made  known  to  us  from  the 
researches  of  Fritz  Miiller,  Brooks,  etc.  The  embryo  of  Argiope, 
which  may  be  taken  as  the  type  for  the  Articulata,  was  left  (fig. 
135  B)  as  a  three-lobed  oi^anism  with  a  closed  mcaenteron  and  a 
body  cavity  divided  into  two  lateral  compartments.  On  the  middle 
segment  of  the  body  dorsal  and  ventral  folds,  destined  U\  form  the 
inantle  lobes,  make  their  appearance,  and  on  the  latter  two  pairs  of 
bundles  of  setse  are  present  (fig.  13-5  B).  The  setse  together  with 
the  mantle  folds  grow  greatly,  and  the  setae  resemble  in  appearance 
the  provisional  setae  of  many  Chajtopods  (fig,  152).  On  the  hinder 
border  of  the  mantle  cilia  make  their  appearance.  The  anterior  or 
cephalic  segment  assumes  a  somewhat  umbrella-like  form,  and  round 
its  edge  is  a  circlet  of  long  cilia,  while  elsewhere  it  is  provided  with 
a  coating  of  short  cilia.  Two  pairs  of  eyes 
also  arise  on  its  anterior  surface  (fig.  136). 

After  swimming  about  for  some  time  the 
larva  becomes  6xed  by  its  hind  lobe,  and 
becomes  gradually  transformed  into  the  adult. 
The  hind  lobe  itself  becomes  the  peduncle. 
After  attachment  the  mantle  lobes  bend 
forward  (fig.  137  A,  m),  and  enclose  the  ce- 
phalic lobe.  The  valves  of  the  shell  are 
formed  on  their  outer  surface  as  two  delicate 
chitinons  plates  (fig.  137  B).  At  a  somewhat 
later  stage  the  provisional  bristles  are  thrown 
off,  and  are  eventually  replaced  by  permanent 
sotie  round  tho  edge  of  the  mantle.  The 
cephalic  lobo  becomes  located  in  tho  dorsal 
valve  of  the  shell,  and  the  mouth  is  formed 
near  tho  apex  of  the  cephalic  lobe  imme- 
diately ventral  to  the  eye-spots,  by  an  epi- 
blastic  invagination.  The  permanent  muscles  altoVkowKlMBkyT^ 
are  formed  out  of  the  muscles  already  present  m.  mantlG;  6.  setm-,  d. 
in  the  embryo.  ftrahentoron. 

Around  the  mouth  tliore  arises  a  ring  of 
tentacles,  very  possibly  derived  from  the  ciliated  ring  visible  in 
fig.  136'.  The  ring  of  tentacles  is  placed  obliquely,  and  the  mouth  is 
situated  near  its  ventral  side.  The  tentacles  appear  to  form  a  post- 
oral  circlet,  like  that  of  Phoronis  (Actinotroeha) :  tbey  gradually  in- 
crease in  nimibcr  as  the  larva  grows  older. 

Some  of  the  later  stages  in  the  ilovelopment  of  the  Tcrebratulidte  have 

'  In  the  abatniol  in  HolTraon  and  Schwulbo  KownlcTsky  is  made  to  HUte  that  the 
tcntoolea  Hpring  from  the  border  of  the  mantle.  TliiK  can  hardly  be  a  otnTcet  account 
of  what  he  Btates,  ainee  it  does  not  fit  in  with  the  adult  nnatumy  of  the  parts.  The 
flgnrei  be  gives  miKbl  lead  to  the  nuppoBilion  that  tbey  eprang  tram  the  edge  at  the 
copbolie  lobe,  or  perhsp*  traxa  the  dorsal  lobe  at  the  inantle. 
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been  made  known  to  ua  by  the  observations  of  Morse  (No.  328     9)  on 

Terebratulina  septentrionalis. 

The  most  interesting  point  in  Morse's  observations  on  the  later  stages 

is  the  description  of  the  gradual  conversion  of  the  disc  l»earing  the  circlet 

of  tentacles  into  the  arms  of  the  adult     The  tentacles,  six  in  number,  first 

form  a  riug  round 
the  edge  of  a  disc 
springing  fmm  the 
dorsal  IuIh)  of  the 
mantle ;  in  their 
centre  Lt  the  mouth. 
In  the  later  stages 
calcareous  spicula 
become  developed  on 
the  tentacles.  When 
the  embryo  is  far 
advanced  the  tenta- 
cles begin  to  assunn* 
a  horse-shoe  arrange- 
ment, which  beara  a 
striking,  though  pro - 
bablv  accidental,  re- 
semblance  to  that  of 

• 

the  tentacles  on  the 
lophophore  of  tlie 
fresh- water  Polyzoa. 
The  disc  bearing  the 
tentacles  is  prolong- 
ed anteriorly  into 
two  procesfics,  tlie 
free  ends  of  the 
future  aims.  By 
this  change  of  sha{M* 
in  the  disc  the  ten- 
tacles form  two  rows, 
one  on  the  anterior 
and  one  on  the  |>ok- 
terior  boixler  of  the 
disc,  and  eventually 
become  the  cirri  of 
the  arms.  The 
mouth  is  placed  between  the  two  rows  of  tentacles,  where  tlie  two  amis 
of  the  lophophore  meet  behind.  The  position  of  tlie  mouth  was  the  original 
centre  of  the  ring  of  tentacles  l)efore  they  Ixicame  pullecl  out  into  a  horse- 
shoe form.  In  front  of  the  mouth  is  a  lip.  The  arms  grow  greatly  in 
length  iu  the  adult  Terebratulina.  In  Thecidium  the  oral  disc  retains  the 
horse-shoo  form,  while  in  Argiope  the  embryonic  circular  arrangement  of 
the  tentacles  is  only  interfered  with  by  the  appearance  of  marginal  sinua- 
tions. 


■<:^^ 


-e^ 


FlO.  187.      Two  STAGES  IN  THK  DEVKLOPMKNT  OP  ArOIOPK, 
HHBWINO   THE   FOLI>S  OF    THE    MANTLE   OBOWIMO   OVER  THE   CK- 

PHAUC  LOBE.    (After  KowalevBky.) 

m.  mantle  fold;  me.  mosenteron;  pd,  peduncle;  b.  pro- 
visional 8cte. 


The  shell  is  dei)osited  as  two  chitinous  plates,  which  subsequent!}' 
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become  calcified.  It  undergoes  in  the  different  genera  great 
changes  of  form  during  its  growth. 

Wit))  reference  to  the  larval  stages  of  other  Articulata,  a  few  points 
uiu;  be  noted. 

The  thrue-lobed  larva  of  Terebratutiua  septentrional  Is  is  provided  with 
a  special  tuft  of  cilia  at  tlie  apex  of  the  front  lobe.  The  arms  appear  to 
originate,  in  Terebratulina  caput  serpentis,  as  two  processes  at  the  sides 
of  tiie  mouth,  on  which  the  tentacles  are  funned. 

FroviHiunal  isetie  do  not  appear  to  be  formed  in  the  lobed  embryos  of 
Thecidium  and  Tcrebratuliaa,  but  thej  appear  at  a  later  stage  at  the  edge  of 
the  mantle  in  the  Utter  form.     The  third  lobe 
of  Thecidiiim  gives  lise  to  the  dorsal  and  ventral  » — *    -a 

mantle  lobes.  11     ■*""  \ 

Inarticnlats.  The  youngest  stages  in 
the  development  of  the  Inarticulata  are  not 
known,  and  in  the  earliest  stages  observed 
the  shell  is  already  developed.  The  young 
larva?  with  shells  differ  however  from  those 
of  the  Articulata  in  the  fact  that  they  are 
free  swimming,  and  that  the  peduncle  is  not 
developed. 

One  of  these  larvee  has  been  described  by 
Fritz  Mailer  (No.  331),  and  is  very  probably  that 
of  A  Crania.  It  resembles  generally  a  larva  of 
the  Articulata  shortly  after  the  tentacles  have 
become  developed.  Five  pairs  of  long  provisional 
setfE  arc  present,  of  which  all  but  the  hinder- 
moat  are  seated  on  the  ventral  lobe  of  the  mantle. 
Shorter  selie  are  also  lodged  on  the  edge  of  the 
dorsal  lobe.  The  mouth  is  placed  on  the  ventral 
side  of  a  protrusible  oral  lol>e.  It  is  imperfectly 
Burrounded  by  four  pairs  of  tentacles,  which 
form  a  Bwiunning  api>aratu8. 

A  fuller  history  of  the  development  of  Lin- 
gultt  has  been  recently  supplied  by  Brooks  (No.     B*™"-) 
325).     The  yoimgeat  larva  b  enveloped  in  two  a.  endofvftlveBjft.  Aick- 

I       ■     -1         .   .    I.I  1  r       .,      .  ened  maitnn  of  msntle:  c, 

ueiirly  snnilar  platfr-hke  valves,  covenng  the  two  ^^atuTd.  dorsal  median 
mantle  lobes.  The  mouth  is  placed  at  tbe  centre  tentacle;  «.  lopLophora; /. 
of  a  disc,  attached  to  the  dorsal  valve,  on  the  lir:  9-  moath;  h.  mantle 
margin  of  which  is  a  ring  of  ciliated  tentacles,  "^l'^',  '■  '^^  caTity;  k. 
Th.  gener.1  pcilion  of  th.  di„  .nd  if  »l.t,„™  S^.^T'Sui  \S£. 
may  be  gathered  from  fig.  138,  which  represents  t«r  of  stomwihi  n.  intertl- 
a  diagrammatic  longitudinal  vertical  section  of  nalobamber  of  stomach;  o. 
the  embryo.  intestine;   q.  ventral  gang- 

With  the  growth  of  the  embryo  the  tentacles     ,  "j^i  ^^^  A^l 
increase  in  number,  the  new  pairs  being  always     ventral  valve  of  sbeU. 
added  between  the  odd  dorsal  tentacle  and  the 

next  pair.  Tliere  is  an  axial  cavity  in  the  tentacles  which,  unlike  the  cavity 
io  the  tentacles  of  the  Polyzoa,  does  not  communicate  with  the  perivisceral 


FiQ.  ISe,    Duaaui  o 
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cavity.  As  the  tentacles  increase  in  number,  the  lateral  parts  of  the 
tentacular  disc  grow  out  into  the  two  lateral  arms  of  the  adult,  while  the 
dorsal  margin  forms  the  median  coiled  arm.  These  changes  are  not  effected 
till  the  larva  has  become  fixed. 

The  attachment  of  the  larva  was  not  ol>8erved ;  but  the  peduncle,  of 
which  there  is  no  trace  in  the  young  stages,  grows  out  as  a  simple  prolonga- 
tion of  the  hinder  end  of  the  body  while  the  larva  is  stUl  free.  It  had 
already  reached  a  very  great  length  in  the  youngest  fixed  larva  observed. 

Development  of  Organs. 

The  alimentary  tract  after  the  obliteration  of  the  blastopore 
forms  a  closed  sack,  which  becomes  subsequently  placed  in  conimu- 
nicatiou  with  the  exterior  by  the  stomodseal  invagination.  The  liver 
is  for.i.ed  as  a  pair  of  dorsal  outgrowths  of  the  mesenteron.  From 
Brooks'  observations  on  Lingula  it  would  appear  that  the  primitive 
mesenteron  forms  the  stomach  of  the  adult  only,  and  that  the  intes- 
tine grows  out  from  this  as  a  solid  process:  this  eventually  meets  the 
skin,  and  here  the  anus  is  formed.  In  the  Articulata  the  mesenteron 
is  aproctous. 

The  origin  of  the  iKxly  cavity  as  paired  archenteric  diverticula 
has  already  been  described.  Its  somatic  wall  becomes  in  Lingula 
ciliated,  and  its  cavity  filled  with  a  corpusculated  fluid,  as  in  many 
CliflBtopods.  It  is  eventually  prolonged  into  the  dorsal  and  ventral 
mantle  lobes  as  a  pair  of  horn-like  prolongations  into  each  lobe, 
which  communicate  with  the  body  cavity  by  large  ciliated  openings. 
Some  incomplete  observations  of  Brooks  on  the  development  of  the 
nervous  system  in  Lingula  shew  that  it  arises  in  the  embryo  as  a 
ring  round  the  oesophagus  with  a  ventral  sub-cosophageal  (fig.  138  9), 
and  two  lateral  ganglia,  and  two  dorsal  otocysts.  The  ventnil 
ganglion  is  formed  as  a  thickening  of  the  epiblast,  with  which  it 
remains  in  continuity  for  life.  The  remainder  of  the  ring  grows  out 
from  the  ventral  ganglion  as  two  cords,  which  gradually  meet  on  the 
dorsal  side  of  the  oesophagus. 

General  ijhaervations  on  the  Affinity  of  tfie  Brachiopoda, 

The  larva  of  Argiope,  as  has  been  noticed  by  many  observers,  has 
undoubtedly  very  close  affinities  with  the  Chietopoda.  It  resembles,  iu 
fact,  a  mesotrochal  larval  Cha^toiKKl  with  provisional  setie  (rule  Chapter  on 
Chaeto]KMlH).  Lacaze  Duthiers'  observations  })oint  to  tlie  lobes  of  the  lar\'a 
not  lM>ing  true  segments,  and  certainly  the  mesoblast  does  not  in  the  embryo 
Ik^couic  segmcntiHi  as  it  ought  to  do  were  these  lobes  true  segments.  If  this 
view  is  correct  the  lurvu  is  to  be  coni])ared  to  an  unsegmente<l  Cha'to|KHl 
lar>'a.  lii  Hhynchonella,  how(;v(;r,  indications  of  two  segments  aix;  afibnled 
in  th(>  iidult  in  the  two  |Miirs  of  segmental  organ& 

Though  the  larval  Hrachio|Kxi  resembles  a  mesotrochal  C'ha^toiKxl  lar\'a, 
it  does  not  apiM'ar  to  resiMnble  the  trochosphere  larva*  so  far  descnlMnl,  or 
th<!  iiion'  typical  hirvie  of  the  Chwtojioda,  in  that  the  ring  of  tcutachrs, 
which  is  probably,  as  alreaily  mentioned,  derived  from  the  ciliated  ring 
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shewn  in  fig.  137,  is  post-anil,  and  not  pros-oral.  The  ring  of  tentacles  is  like 
the  ring  in  Actinotrocha  (the  larva  of  Phoronis)  amongst  the  Gephjrrea. 
Although  there  is  no  doubt  a  striking  resemblance  between  the  tentacular 
disc  of  a  larval  Brachiopod  and  the  lopbophore  of  a  Polyzoon,  which  has 
been  pointed  out  hy  Laukester,  Morbo,  Brooks,  etc.,  their  homology  is 
rendered,  to  my  mind,  very  doubtful  (1)  by  the  fact  that  the  lophophore  is 
pne-oral  in  Polyzoa*  and  postK)ral  in  Bracbiopoda;  and  (2)  by  the  fact  that 
the  concave  side  of  the  lophophore  is  turned  in  nearly  opposite  directions 
in  the  two  forms.  In  Brachiopods  it  is  turned  dorsalwards,  and  in 
phylactobematous  Polyzoa  ventralwards. 

The  view  of  Morse,  that  the  Brachiopoda  are  degraded  tubicolous 
Cluetopods,  is  not  so  far  supported  by  any  definite  embryological  facts. 
The  development  of  the  tentacular  ring  as  well  as  its  innervation  from  the 
sub-oesophageal  ganglion  prohibit  us,  as  has  been  pointed  out  by  (^egenbaur, 
from  comparing  it  with  the  tentacles  of  tubicolous  Chsetopoda. 
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shew  that  this  view  is  untenable. 
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CHiETOPODA'. 


Fornuition  of  tlte  Germinal  Layers. 

M08T  Clia^topoda  deposit  their  eggs  before  development.  The 
Oligoclitt^ta  hiy  them  in  peculiar  cocoons  or  sacks  formed  by  a  secretion 
of  the  integument.  Some  marine  Polychaeta  carry  them  about  during 
their  development.  Autolytus  cornutus  has  a  special  sack  on  the 
ventral  surface  in  which  they  arc  hatched.  In  Spirorbis  Pagenstecheri 
they  develop  inside  the  opercular  tentacle,  and  in  Spirorbis  spirillum 
inside  the  tube  of  the  parent. 

A  few  forms  {e.g,  Eunice  sanguinea,  Syllis  vivipara,  Nereis  di ver- 
sicolor) are  viviparous. 

Perliai)s  the  most  ])rimitive  ty j)e  of  Chaetopod  development  so  far 
observed  is  that  of  Serpula  (Stossich,  No.  357)'.  There  is  a  regular 
segmentation  resulting  in  the  formation  of  a  blastosphere  with  a  central 
segmentation  cavity.  An  invagination  of  the  nonnal  type  now  ensues. 
The  blast4)j)ore  soon  narrows  to  become  the  permanent  anus,  while  the 
iuvaginated  hy|>obla.st  forms  a  small  prominence  with  an  imperfectly 
develo|)e<l  lunu'n,  which  doen  not  nearly  Jill  up  the  segmentation  cavity 
(tig.  l.Sl>  A).  The  embryo,  which  has  in  the  meantime  become  com- 
pletely covered  with  cilia,  now  assumes  more  or  less  the  form  of 
a  cone,  at  the  apex  of  which  is  the  anus,  while  the  base  forms  the 
rudiment  of  a  large  pne-oral  lobe.  The  alimentary  sack  grows  for- 
wards and  thfu  bends  ujxjn  itself  nearly  at  right  angles,  and  meets 
a  stonioda*al  invagination  from  the  ventral  side  some  way  from  the 
front  end  of  the  Ixxly. 

*  Tlio  ftiUowint;  claKsification  of  the  Cha*topoda  Ik  adopted  in  the  present  section. 

I.    Achsta  {PolygordiM). 

II.  Polych«ta.   {SlDT'- 
III.   Oligochsta. 

'  Till*  obscTvatioMH  of  KtoHKioL  are  not  tlioruugLly  Hatinfactory. 


rujiToi'oriA. 


The  iilimentftry  caua!  simhj  iliH'ereiitiates  itself  tuUi  tlirt-e  ifgious 
(\)  cesiipliagus,  (2)  wUmiaob,  an>j  (3)  intestine.     Willi  these  ciiaiiges 


the  larva,  which  in  the  tneantime  becomes  hatched,  assumes  the 
characters  of  a  typical  Annelid  larva  (fig,  139  B).  In  front  is  a 
lai^e  pne-oral  lobe,  at  the  sides  of  which  the  eye-spots  aonu  appear. 
The  primitive  segmentation  cavity  remains  as  a  wide  space  between 
the  curved  alimentary  tract  and  the  body  walls,  and  becomes  tra- 
velled by  muscular  fibres  passing  between  the  two.  The  original 
chorion  appears  to  serve  as  cuticle,  and  is  perforated  by  the  cilia. 

The  further  ohangeii  iii  this  larval  form  do  not  present  featnrea  of 
general  intportancn.  A  peculiar  vesicle,  which  in  anotnnlous  cuses  ia 
double,  is  formed  near  the  anus.  If  it  weru  shewn  to  occur  widely 
amongst  Chietopoda,  it  migbt  be  perbapa  regarded  as  boniologous  with 
the  anal  vesicles  of  tbe  Gephyrea. 

Serpula,  is  one  of  the  few  Chfletopoda  at  present  known  in  which 
the  segmentation  is  quite  reg»ilar'.  In  other  forms  it  ia  more  or 
less  unequal.  The  formation  of  the  germinal  layers  has  been  far 
more  fully  studied  in  the  Oligochseta  than  in  the  Polychieta,  and 
though  unfortunately  the  development  is  much  abbreviated  in  the 
former  group,  they  nevertheless  have  to  serve  as  our  type ;  and  unless 
the  contrary  is  indicated  the  statements  in  the  remainder  of  the 
section  apply  to  the  Oligochieta.  Tbe  segmentation  is  nearly  regular 
in  Lumbricus  agricola  (Kowalevsky)  and  results  in  the  formation  of  a 
flattened  blastosphcre,  one  of  the  sides  of  which  is  bypoblastic  and  the 
other  epiblastic,  the  hypoblast  cells  being  easily  distinguished  from 

i  IB  aJao  cburaeteritieil  by  a 
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tlie  epiblast  cells  hy  their  cltsarer  aspect.  An  invaginatioD  takes  place, 
ill  the  course  of  wLich  the  hypobliist  becomes  enclosed  by  the  epiblast, 
ami  a  somewhat  cylindrical  two-layered  gastrula  is  foiined.  The  open- 
ing of  this  gastrula  at  first  extends  over  the  whole  of  what  becomes 
the  ventral  surface  of  the  future  worm,  but  gradually  narrows  to  a 
small  pore — the  permanent  mouth — near  the  front  end.  The  central 
cavity  of  the  gastrula  is  lined  by  hypoblast  cells,  but  the  oral  opening 
which  leads  by  a  narrow  passage  into  tho  gastric  cavity,  is  lined  by 
epiblast  cells. 

The  aegmentation  of  Liinibrious  trapezoidea  (KJeinenberg,  No.  341 },  and 
of  Criodrilua  (Hatschek,  No.  339),  is  more  uneijual  and  more  irregular  than 
that  of  Lumbrious  agricola,  and  there  is  au  invagiuatiou  which  ia  inter- 
mediate between  tho  emboUc  and  epibolic  types. 

Tho  aegmentation  of  Lumbricus  trapezoides  ia  especially  remarkable.  It 
ia  strangely  irregular  and  at  one  period  the  segmentation  cavity  communi- 
cates by  a  pore  with  the  exterior.  Before  the  completion  of  the  gaatrula 
stage  the  ovum  Ijeoomos  partially  divided  into  two  lialvea,  each  of  which 
gives  rise  to  a  complete  embrya  The  two  embryos  are  at  first  united 
by  an  epiblast  cord  which  connects  their  necks  (fig.  141  A),  but  this  cord  ia 
very  early  ruptured,  and  the  two  embryos  then  become  quite  independent. 
Some  of  the  peculiarities  of  the  aegmeutatioa  may  no  doubt  be  explained 
by  thia  remarkable  embryonic  fiaeion. 

Tho  gastrula  o[K3ning  in  both  Lumbricus  trafWKoides  and  Criodrilua  is 
placed  on  the  ventral  surface,  and  eventually  narrows  to  form  the  mouth 
or  possibly  (Criodrilua)  cloHea  at  the  {losition  of  the  mouth.  In  Lumbricus 
trapezoides  the  oral  opening  is  at  Grst  lined  by  hypoblast,  and  in  Criodrilua 
is  bounded  anteriorly  by  three  lai^e  peculiar  epiblast  cells,  which  are 
believed  by  Uatachek  to  aasist  in  absorbing  the  albuminous  fluid  in  which 
the  ^ga  are  aiiapended,  Theae  large  cells  are  eventually  covered  by  the 
normal  epiblast  cella  and  Bubaequently  diBapi)ear.  In  both  these  types 
the  hypoblast  cells  undergo,  during  their  invagination,  peculiar  changes 
connected  with  their  nutritive  function. 

In  Euaxes  (Rowalevsky)  the  seg- 
mentation ia  far  more  unequal  thui 
in  the  other  types ;  a  typical  epibolic 
invagination  takes  place  (flg.  140),  and 
the  blastopore  closes  completely  along 
the  ventral  surface. 

In  all  the  oligochastoua  types, 
with  the  exception  of  Euaxes,  where 
the  bhistopore  closes  completely, 
the  blaatoporo  becomes,  or  coin- 
cides with  the  mouth.  In  Serpula 
it  is  stated  (StoBsich),  as  we  have 
seen,  to  coincide  with  the  anus : 
a  statement  which  receives  con- 
firmation from  the  similar  state- 
ments of  Willemoes-Suhm  (No. 
358),      It    is   necessary   either  to 


Fia.  140.  TBANHVEaai:  1 

TBK   OVUM    OP   ECAIEB    DUBINO    iS    BABLY 
8T*OK   or    OBTELOPHENT.         (After     KoWB- 

levakf.) 

eu,  epibtaaE;   nu.  mesobliuilic  hand; 
hf.  liypoblaat. 
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suppose  a  mistake  ou  the  part  of  Stossich,  or  that  wa  liave  in 
Ohstopods  a  caae  like  that  of  Gasteropods  iu  which  a  Blit-like 
blastopore  originally  est«D(iing  along  tlje  ventral  BUrface  may  in  some 
forms  become  reduced  Ut  a  pore  at  the  oral,  or  in  other  forms  at 
the  anal  extremity. 

So  far  only  two  germinal  layers — the  epiblast  and  the  hypoblast — 
liave  been  spoken  of  Before  the  invagination  of  the  hypoblast  is 
completed  the  raesoblaflt  makes  its  appearance  in  the  form  of  two 
bands  or  streaks,  extending  longitudinally  for  the  whole  length  of  the 
embryo.  These  are  usually  spoken  of  as  germinal  streaks,  but  to 
avoid  the  ambiguity  of  this  term  they  will  be  spoken  of  aa  meao- 
blastic  bands. 

Their  origin  and  growth  has  been  most  fully  studied  by  Kleinenberg 
(No.  341)  in  Luni.  trapezoides.  They  eiimmence  in  this  species  shortly 
before  the  gastrula  stage  as  two  large  cells  on  the  surface  of  the 
blastoderm,  which  may  be  called  mesoblasts.  These  cells  lie  one 
on  each  side  of  the  median  line  at  the  hind  end  of  the  embryo.  They 
soon  travel  inwards  and  become  covered  by  the  epiblast  (fig.  141  A, 
m'),  while  on  their  inner  and  anterior  side  a  row  of  small  cells 
appears  (ww).     These  rows  of  cells  form  the  commencement  of  the 


(Afler  Elcinenbiirg. } 
m».  meiioblastiabuiicl:  nt'.  mcnolilast;   al.  Brobeutoian ;  j/p.  bodyo&vity. 

A.  HcmoutBl  anil  tongitiidinal  ftection  of  an  cmbi^o  wbicL  is  diviilisg  into  two 
embryos  at  tbc  gastrula  stege.  It  ahewB  (be  lUL'BobliiBla  and  tbe  meBobblstic  bauds 
[irocoeding  bom  tbem. 

B.  TranBTertie  aectiun  abewisg  the  (wo  widely- Bcparnted  menoblnstic  bands. 

C.  Tranarorsc  Rccdon  at  n  lutLT  stage  ebewing  tbe  mesobloKtio  bondfl  vbioh  have 
approonhod  tbe  Tcntial  line  and  developed  a  body  cavity  }ip. 
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luesoblastic  bands,  and  in  the  succeeding  sta<^es  they  extend  one  on 
each  side  of  the  body  (fig.  141  B,  ins)  till  they  reach  tlie  sides  of  the 
mouth.  Their  forward  growth  takes  place  mainly  at  the  ex{)ense  of 
the  superjacent  epiblast  cells,  but  the  two  mesoblasts  at  their  hinder 
extremities  probably  assist  in  their  growth.  Each  mesoblastic  band 
is  at  first  composed  of  only  a  single  row  of  cells,  but  soon  becomes 
thicker,  first  of  all  in  front,  and  becomes  composed  of  two,  three  or 
more  rows  of  cells  abreast.  From  the  above  it  is  clear  that  the 
mesoblastic  bands  have,  in  L.  trapezoides  at  any  rate,  in  a  large 
measure  an  epiblastic  origin. 

At  first  the  two  hands  end  in  front  at  the  sides  of  the  mouth,  but 
subsequently  their  front  ends  grow  dorsalwards  at  the  expense 
of  the  adjoining  epiblast  cells,  and  meet  above  the  mouth,  forming  in 
this  way  a  mesoblastic  dorsal  commissure. 

The  mesoblastic  bands  soon  travel  from  the  lateral  ])osition,  which 
they  at  first  occupy,  towards  the  ventral  surface.  They  do  not  how- 
ever meet  ventrally  for  some  time,  but  form  two  bands,  one  on  each 
side  of  the  median  ventral  line  (fig.  141  C). 

The  UHUtil  accounts  of  the  origin  and  growth  of  the  bands  differ 
soniewhat  from  the  above.  By  Kowalevsky  (No.  342)  and  Hatschek 
(No.  339)  they  ai'c  believetl  to  increase  in  Lmnbricus  ru1>ellus  and  Ciioilrihis 
entirely  at  the  uxi)ense  of  the  mesoblasts.  Kowalevsky  moreover  holds 
that  in  L.  rubelhis  the  original  mesoblasts  spring  from  the  hy|>oblaKt. 
In  some  forms,  e  g.  Lumbrieus  agricola,  the  mesoblasts  are  not  present. 

In  Euaxcs  the  origin  of  the  mesobhist  Imnds  is  somewhat  interesting 
as  illustrating  the  relation  of  the  ChuitoixNl  mcMsobhiHtic  bands  to  the 
nienoblast  of  other  forms.  To  render  intelligible  the  origin  of  the  mesoblaKt 
in  thiH  fonn,  it  is  necessary  to  say  a  few  words  about  the  segmentation. 

By  a  somewhat  abnormal  proceHS  of  segmentation  the  ovum  divides 
into  four  spheres,  of  which  one  is  larger  than  the  otliers,  and  occupies 
a  ]>osition  convHiH>nding  with  the  futuit;  liind  end  of  the  embryo.  The 
thn»e  smaller  sphei-es  give  rise  on  iJteir  dorsal  side  by  a  kind  of  budding 
to  KUiall  cells,  which  become  the  epiblast ;  and  the  e]>iblitst  is  also  jmrtly 
formetl  from  the  hinder  large  cell  in  that  this  c<^ll  pnKluces  l>y  budding 
a  small  cell,  which  again  divides  into  two.  The  ant^»rior  of  the  two 
cells  HO  forniLHl  divides  still  further  and  becomes  incorj^oratiHl  in  the 
epiblast ;  the  |H>sterior  oidy  di\'ides  into  two  which  form  the  two  infsohhiats. 
The  remainder  of  t)ie  mesohlast  is  formed  hv  further  division  of  the  three 
smaller  of  the  pnmitive  large  spheres,  and  at  lirst  forms  a  continuous 
layer  betwt^n  the  dorssd  cap  of  epiblast  and  the  four  largest  cells  which, 
after  giving  rise  to  the  epiblast  and  mesoblast,  constitute  the  hyi>oblast. 
As  the  epiblast  sprc^ads  over  the  hypoblast  the  mesoblastic  sheet  gives  way 
in  tlie  middle,  and  the  mesoblast  I'emains  as  a  ridge  of  ct^lls  at  the  cnlge  of 
the  epiblastic  cup.  It  forms  in  fact  a  thickeiung  of  the  lips  of  the  blasto- 
))on^  1^'hind  the  thickening  is  cf)in]>lete<l  by  the  two  mesoblasts.  Tlie 
ap|M*anin<*u  of  th(>  mesoblast  in  sectitm  is  shewn  in  fig.  140.  As  the 
epiblast  a(vom|»ani(Hl  by  the  mesoblast  grows  round  the  hyiK)blaKt,  the 
blaHto|K>n*  2is.siiiiu>s  an  oval  form,  and  the  mesobhist  api>ears  as  two  Wnds 
forming  the  sid<»s  of  the  oval.  The  epiblast  travels  over  the  hyiM>blast 
more  rapidly  than  th«i  mesoblast,  so  that  when  the  bhtsto|>ore  b(KX)mes 
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dosed  ventrally  the  mesoblastic  bands  are  still  8ome  little  way  apart  on 
the  ventral  side. 

In  Euaxes  the  mesoblast  originates  in  a  manuer  which  is  very 
similar  to  that  in  some  of  the  Gasteropoda,  e.g.  Nassa,  vide  p.  193, 
and  Vermes,  e.g.  Bonellia,  etc.  As  mentioned  in  the  chapter  on  the 
Mollusca  the  origin  of  the  mesoblast  in  Planorbis,  p.  188,  is  very  similar  to 
that  in  Lumbricus. 

Hatschek  has  fhewn  that  in  Polygordius  the  mesoblast  arises  in  funda- 
mentally the  same  way  as  in  the  Oligochaeta. 

Besides  the  mesoblast  which  arises  from  the  mesoblastic  bands,  there 
is  evidence  of  the  existence  of  further  mesoblast  in  the  larvae  of  many 
Polychseta  in  the  form  of  muscular  fibres  which  traverse  the  space  between 
the  body  wall  and  the  wall  of  the  enteric  cavity  prior  to  the  formation 
of  the  permanent  body  cavity.  These  fibres  have  already  been  described 
in  the  embryo  of  Serjmla,  aud  are  probably  represented  by  stellate  cells 
in  the  cephalic  region  (prse-oral  lobe)  of  the  Oligochieta.  These  cells  are 
probably  of  the  same  nature  as  the  amoeboid  cells  in  the  larvae  of  Echino- 
dermata,  some  Mollusca  and  other  types. 

The  Larval  form. 

True  larval  forms  are  not  found  in  the  Oligochaeta  where  the 
development  is  abbreviated.  They  occur  however  in  the  majority  of 
the  marine  Polycha3ta. 

They  present  a  great  variety  of  characters  with  variously  arranged 
ciliated  bands.  Most  of  these  forms  can  be  more  or  less  satisfactorily 
derived  from  a  larval  form,  like  that  of  Serpula  (fig.  139  B)  or  Poly- 
gordius (fig.  142);  and  the  constant  recurrence  of  this  form  amongst 
the  Chsetopoda,  combined  with  the  fact  that  it  presents  many  points 
of  resemblance  to  the  larval  forms  of  many  Rotifers,  Molluscs, 
and  Gephyreans,  seems  to  point  to  its  being  a  primitive  ancestral 
form  for  all  these  groups. 

The  important  characters  of  this  larval  form  are  (1)  the  division 
of  the  body  into  a  large  prse-oral  lobe  and  a  relatively  small  post-oral 
region  containing  the  greater  part  of  the  alimentary  tract;  (2)  the 
presence  of  a  curved  alimentary  canal  divided  into  stomodaeum 
(oesophagus),  stomach  and  intestine,  and  opening  by  a  ventrally 
placed  mouth,  and  an  anus  near  the  hind  end  of  the  body.  To  these 
may  be  added  the  frequent  presence  of  (1)  a  ganglion  at  the  apex  of 
the  prae-oral  lobe,  (2)  a  large  cavity  between  the  wall  of  the  gut  and 
the  skin,  which  is  the  remnant  of  the  segmentation  cavity,  and  is 
usually  traversed  by  muscular  strands,  of  which  one  connecting  the 
apex  of  the  prse-oral  lobe  and  the  stomach  or  oesophagus  is  very 
commonly  present  (fig.  142). 

The  arrangement  of  the  ciliated  bands  presents  great  variations, 
though  in  some  instances  it  is  constant  through  large  groups.  In 
ChsBtopods  there  is  a  widely  distributed  prae-oraJ  ciliated  band,  which 
is  similarly  placed  to  the  ring  constantly  found  in  the  larvae  of  Mol- 
luscs, Rotifers,  etc.  In  many  of  these  forms  the  band  is  practically 
double,  the  opening  of  the  mouth  being  placed  between  its  two  com- 
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ponent  rings  (vide  Sg,  142).  The  beat  introduction  to  the  study  of 
the  Chaetopod  larv^  forma  will  be  the  history  of  the  changes  of 
a  typical  larval  form  in  becoming  converted  iuto  tbo  adult. 

For  this  puri>oae  no  better  form  can  be  Hotected  than  tlie  interesting 
larva  of  Polygordius  (pii/fl  Agasaiz,  No.  33J,  Bclineider,  No.  351,  and 
HatHchek,  No.  339),  which  wiis  (irst  diauovered  by  Lovfio,  and  believed  by 
bim  to  be  the  larva  of  an  ordinary  Cbtetopod.  Its  true  nature  was  deter- 
mined by  Schneider. 

At  a  very  young  Htage  the  larva  has  the  form  (fig.  142)  of  a  flattened 
sphere,  with  a  email  oonical  knob  at  the  posterior  extremity. 

At  the  equator  are  situated  two  parallel  ciliated  bands',  between  which 
lies  the  ventrally  placed  mouth  (in).  The 
mure  conspicuous  ciliated  Wud  in  formed  of 
a  doubl(!  row  of  cilia,  and  is  situate«l  in  front 
of  the  moutli,  Thi>  thiuner  ciliated  band  b«. 
liind  the  mouth  appcara  to  be  absent  in  the 
American  species. 

The  mouth  leads  into  an  (esophsgnn,  and 
this  into  a  globular  stomach  («/),  which  is  con- 
tinuous with  a  mctuni  terminating  by  an  anus 
(an)  placed  at  the  hind  end  of  the   posterior 
conical  knob.     The  whole  alimentary  tract  ia 
ciliated.     In  the  American  form  of  larva  there 
is  a  ring  of  cilia  round  the  anus,  which  is 
develo[>ed  nt  a  somewhat  later  stage  in  the 
form  obsorved  by  Uatschek. 
■     The  position  of  the  ciliated  bands  and  the 
alimentary  tract  enables  us  to  divide  the  em- 
bryo  into   three   regions :   a   prte-oral    region   lH>uuded   by   the  anterior 
ciliated  band,  a  gastiic  region  in  which  the  embryonic  stomach  is  situated, 
and  an  alxlominal  region  formed  of  the  posterior  conical  portion,  which 
by  its  auhae(|uent   elongation  gives   rise  to  the 
whole   segmented    [mrtion    of    the   future   Poly- 
gordius. 

At  the  front  eu<l  of  the  prte-orul  lobo  is  situated 
the  early  formed  supra-icanphagca]  ganglion  {*g) 
(first  noticed  by  AgaBsiE)  in  connection  with  which 
in  a  pair  of  eyes,  and  a  ramified  system  of  nerves. 
Tlic  ganglion  is  marked  externally  bv  a  crown  of 
cilia. 

Th«'  larval  epidermis  Invars  a  delicate  cutieula, 
and  is  separated  by  a  considerable  interval  from 
the  walls  of  the  alimentary  tract.  The  S[MtC« 
between  the  two  represents  a  provisional  body 
cavity,  wliich  is  eventually  replaced  by  the  per- 
manent body  cavity  formed  between  the  two  layers 
of  the  mesoblast  It  is  doubtful  when  the  repUcement  takes  )iIaoe  in  ihe 
head.     It  prolwhly  does  so  very  early.     The  mesoblast  is  present  in  tiie 
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iiBUiU  form  of  two  bands  (nie.}))  (germinal  ntrcaks),  which  are  anteriorly 
contiDUed  into  two  inuKcidar  bands  which  jiana  through  the  ciiibryonic 
body  cavity  to  tlie  front  end  of  the  pne-oral  lobe.  Another  pair  of  con- 
tractile bands  pasaes  from  the  Banie  region  of  the  prfl>oraI  lobe  to  the 
<i!SO)itiagua. 

There  is  no  trace  of  the  ventral  nerve  cord.  The  moat  reniarkable 
organ  of  the  larva  is  a  paired  excretory  organ  {nph)  discovered  by  Hatachek. 
Thia  is  a  ciliated  canal  with  at  Grst  one  and  siib- 
seqitently  Bevenil  funnel-ahaped  openings  into  the 
body  cavity  in  front  and  an  external  opening 
behind.  It  ie  situated  immediately  anterior  to  the 
lateral  band  of  meaoblaat,  and  is  parallel  with, 
and  dorsal  to,  the  contractile  band  which  pasaes 
off  from  thia.  It  occupies  therefore  a  [losition  in 
front  of  the  segmented  region  of  the  adult  Poly- 
gordius. 

The  changes  by  which  this  peculiar  larval  form 
reaches  the  adult  condition  will  be  easily  gathered 
from  an  inapection  of  figs.  143 — 148.  They  con- 
sist essentially  in  the  elongation  of  what  haa  been 
termed  the  abdominal  region  of  the  body,  and 
the  appearance  of  a  segmentation  in  the  meao- 
blast ;  the  aegmenta  being  formed  from  before  backwards,  and  each  freali 
segment  being  interpolated  between  the  anus- 
bearing  end  of  the  body  and  the  last  segment. 

As  the  hind  portion  of  the  body  becomes 
elongated  the  stomach  extends  into  it,  and  gives 
rise  to  the  mesenteron  of  the  adult  {figs.  143, 
144,  and  145).  For  a  long  time  the  anterior 
spherical  dilated  portion  of  the  larva  remains  very 
large,  consisting  of  a  pr»-oral  lube  and  a  {lOHt- 
ora!  section.  The  two  together  may  be  regajded 
AS  constituting  the  head. 

At  a  comparatively  late  atjige  a  jiair  of  ten- 
tacles arises  h-om  the  front  end  of  the  pne-oral 
lobe  (fig.  146),  and  tinally  the  head  becomes  rela- 
tively reduced  as  compared  with  the  body,  an<l 
gives  rise  to  the  simple  head  of  the  fully  formed 
worm  (fig.  1 48).  The  two  ciliated  bands  disappear, 
the  posterior  vanishing  tirst.  The  ciliated  bund 
at  die  hind  end  of  the  l>ody  also  atrophies ; 
ftnd  jnst  in  front  of  it  the  ring  of  wart-like  pri 
adult  to  attach  itself  becomes  deve1ope<I. 
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At  the  sidee  of  the  head  tliere  \» 
formed  a  i>ftir  uf  ciliikt4>d  pits,  also  fouml 
hy  Hatdchek  in  the  embrvo  of  Criodrilus, 
aud  characteristic  of  many  Clitetopod  lar- 
vie,  but  persistent  in  the  adult  Fnly- 
gordius,  SaccociiTua,  Polyophthalmus,  etc. 
They  are  pei-hapit  the  snine  structures  nn 
tlie  ciliated  pita  iit  Ncmertines. 

Diirinj;  the  external  changea  alxiv 
described,  by  which  the  adult  form  of 
Polygordiiis  is  re,ache<i,  a  seriei*  nf  in- 
ternal changes  also  takes  place  which  av<- 
for  the  most  part  the  same  as  iu  otlu'r 
Cbntopoda ;  and  do  not  require  a  detailed 
description.  The  uorvous'  and  tuuscular 
systems  liave  preciauly  the  normal  de- 
velopment. The  division  of  the  meso- 
Idaat  into  somites  is  not  externally  in- 
dicated. Tlie  organs  most  worthy  of 
notice  are  the  excretory  organs. 

The  essential  points  in  tlie  above 
development   of  Polygordius    are   (1)    the    gradual   elongation  and 
corresponding  segmentation  of  the  post-cephalic  part  of  the  bo<ly; 
and  ('2)  the  relative  reduction   iu  size  of  the  pne-oral  lobe  and  its 


conversion  together  with  the  oral  region  int<i  the  hea«i ;  (3)  tli© 
atrophy  of  the  ciliated  bands.  The  conversion  of  the  larva  into  the 
adult  takes  place  iu  f.ict  by  the  iutercalation  of  a  segmented  region 
between  a  large  mouth-bearing  portion  of  the  primitive  body  and  a 
small  anus-bearing  porttun*. 

The  general  mode  of  development  of  chtetopod  larva;  is  similar 
to  the  above  except  in  details,  which  are  however  no  doubt  often  of 
great  importance.  The  history  of  the  laivje  may  be  conveniently 
treated  under  three  heads.  (1)  The  form  of  the  primitive  unseg- 
ment«d  larva ;  (2)  the  arrangeia«nt  of  the  cilia  on  the  unsegmentt^d 
larva,  and  on  the  larva  at  later  atages;  (3)  the  character  of  the  raetA- 
morphosis  and  the  development  of  the  permanent  external  oi^ans. 

>  The  >truclar«  of  Llic  veatral  cord  in  the  oJrilt  requires  riulhcir  Elucidation. 

*  For  Sempei's  viov  a*  to  the  iDU'tcalatiua  ot  teff^avaiti  in  tht.'  ceptinlic  region,  viilt 

note  on  p.  arn. 
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A  larva  similar  to  the  Polygordius  larva  with  a  greatly  developed 
prse-oral  lobe  is  widely  distributed  amongst  the  Aonelids. 

Ad  almost  identical  form  ia  that  of  Nejithys 
Hcolopendroideg  (Claiiaride  And  Metschntkof!',  No. 
336);  that  of  Phyllodoce  (tig,  149)  is  also  very 
similar,  and  that  of  SaccocirruB  (Metsch.  and  Chip. 
No.  336,  Ph  xiii.  fig.  1),  a  very  primitive  form  moat 
nearly  related  to  PolygordiuH,  clearly  belougs  to  the 
some  type.  Many  other  larval  forms,  such  as  that 
of  Spio  fuliginosiw  (Metsch.  and  Clap.  No.  336),  Tere- 
bella,  Nerine,  etc.,  also  closely  approach  thid  form. 


I.  149.   Labva  I 
Pbyllduoce.        (From 
Alex.  Agassi z.) 


Other  really  similar  forms  at  first  sight  ap- 
pear very  ditferent,  but  this  is  mainly  owing  to 
the  fact  that  their  pne-oral  lobe  never  attains 
a  considerable  development.  Its  smallness,  though  obviously  of  no 
deep  morphological  significance,  at  once  produces  a  very  different 
appearance  in  a  larva. 

A  good  esample  of  a  larval  form  with  a  small  pne-oral  lo1>e  is  afforded 
by  Oapilella  which  is  figured  by  Clap,  and  Motsch.  (No.  336,  PL  ivii. 
fig,  2).  The  imperfect  development  of  the  pnensral  lobe  is  also  generally 
charaeteriatic  of  the  Oligochieta.  The  ]»t*raiHt«nce  of  a  relatively  laige 
pne-oral  lobe  for  so  long  a  time  as  in  Polygordius  is  very  unuBiial. 

The  arrangement  of  the  cilia  in  Cha'topod  larvse  has  been 
employed  as  a  means  of  classifying  them.  Although  a  classification 
so  framed  baa  no  morphological  value,  yet  the  terms  themselves  which 
have  been  invented  are  convenient.  The  terms  most  usually  employed 
are  Atrochte,  Monotrochce,  Telotrochte,  Polytrochce,  Mesotro- 
cha.  The  polytrochte  may  again  be  subdivided  into  Polytrochs 
proper,  Nototrochse,  Gasterotrochee,  and  Amphitrochw, 

The  atrocha;  contain  forms  (fig.  139)  in  which  the  larva  is  at  first 
coated  by  an  uniform  covering  of  cilia,  which,  though  it  may  subse- 
quently disappear  from  certain 
areas,  does  not  break  up  into  a 
series  of  definite  bands. 

The  monotrochaj  or  cephalo- 
trochie  are  larvte  in  which  only  a 
single  pra>oral  ring  is  developed 
(fig.  150  B). 

In  the  telotrochie  there  is 
present  a  pne-oral  and  a  post-oral, 
i.e.  peri-anal  ring  (fig.  150  A);  the 

^^        latter  sometjines  having  the  form 

^^L       of  a  peri-anal  patch. 

^^^  The  polytroch»3  are  segmented 

^^H      larviB  with   perfect  or   imperfect 

^^1      rings  of  cilia  on  the  segments  of 

^^M      the  body — usually  one  ring  to  each 

^_ 
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segment — between  the  two  characteristic  telotrochal  rings.  W heu 
these  rings  are  complete  the  larvce  are  polytrocha?  proper,  when 
they  are  only  half  rings  they  are  either  nototrooha;  or  gasterotrochre. 
Sometimes  there  are  both  dorsal  and  ventral  half  rings  which  do  not 
however  correspond,  such  forms  constitute  the  amphitrocha-. 

In  the  mesotrochffi  one  or  two  rings  are  present  in  the  middle  of 
the  body,  and  the  characteristic  telotrochal  rings  are  absent.  X^arvie 
do  not  necessarily  continue  to  belong  to  the  same  group  at  all  ages. 
A  larva  may  commence  as  a  monotrochal  form  and  then  Decome  telo- 
trochal and  from  this  pass  into  a  polytrochal  condition,  etc. 

The  atrochal  forms  are  to  be  regarded  as  larvte  which  never  pass 
beyond  the  primitive  stage  of  uniform  ciliatiou,  which  in  otljer  in- 
stances may  precede  that  of  definite  rings.  They  usually  lose  their 
cilia  early,  as  in  the  cases  of  Serpula  and  other  iarvaj  described 
below. 

The  atrochal  larvre  am  nnt  common.  The  following  history  of  an 
Euniciilitu  larva  (proliably  Luiiibri<:»nereiH)  from  ClajiorMe  anil  Metscluu- 
koff  (No.  336)  will  illustrate  their  genei-al  history. 

In  the  earliest  stage  noticed  tlie  larva  has  a  spherical  form,  the  \yne- 
oral  lobe  not  being  very  well  marked.  In  the  interior  is  a  globular 
digestive  tract.  The  cilia  form  a  broad  central  band  leaving  free  a  narrow 
B{>ace  at  tile  apex  of  the  prie-ond  lobe,  and  also  a  circumanal  space.  At 
the  ajiex  of  the  pne-oral  lobe  is  pWed  a  bunch  of  long  cilia,  and  a 
patch  of  cilia  also  murks  out  the  anal  area. 

As  the  larva  grows  older  it  lieuonies  elongated,  and  the  anterior  buneli 
of  cilia  is  abEorbe<l.  Tlie  alimentary  canal  divides  it«elf  into  pharynx  and 
int4«tine.  The  former  ojwns  (!)  by  the  mouth  in  the  middle  of  the  central 
band  of  cilia,  the  latter  in  the  anal  jintch.  The  setie  indicating  the 
segmentation  are  formed  successively  in  the  posterior  ring-hke  area  free 
frmn  cilia.     The  cilia  disappear  after  the  formation  of  two  segments. 

In  LumbricUB,  the  embryo  of  which  ought  perhaps  to  be  grouped  with 
the  atroch»,  the  cilia  (Kleineuberg)  cover  a  ventral  tract  of  epiblaat 
between  the  two  mesoblastio  cords,  and  are  continued  anteriorly  to  fornt 
a  circle  round  the  mouth. 

The  monotrochal  larvai  are  provided  only  with  the  important 
prsB-oral  ciliated  ring  before  mentioned.  In  the  majority  of  cases  they 
are  transitional  forma  destined  very  shortly  to  become  telotrochal,  and 
in  such  instances  they  usually  have  a  more  or  less  spherical  body 
which  is  nearly  divided  int-o  two  equal  halves  by  a  ciliated  ring.  In 
some  few  instances,  such  as  Polynoe,  Daaychone,  etc.,  the  monotrochal 
characters  are  not  lost  till  the  larval  cilia  ore  exuviated. 

The  telotrochal  forms  (of  which  examples  are  shewn  in  figs.  144, 
150,  etc.)  may  (1)  start  as  monotrochal;  or  (2)  from  the  first  have  a 
telotrochal  character;  or  (3)  be  derived  from  atrochal  forma.  The  last 
mode  of  origin  probably  represents  the  ancestral  one. 

Their  mode  of  dev)*lupment  is  well  illustrated  by  the  case  of  Terebella 
uebulo^a  (fu/b  Milne-Edwards,  No.  347).  The  embryo  is  at  first  a  nearly 
Hpherical  ciliated  mass.     One  end  slightly  elongates  and  becomes  free  frcon 
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cilia,  audy  acqaiiing  dorsal Ij  two  eye-spots,  constitutes  a  pne-oral  lobe. 
The  elongation  continues  at  the  opposite  end,  and  near  this  is  formed  a 
narrow  area  free  from  cilia.  The  larva  now  has  the  same  characters  as  the 
atrochai  Eunicidan  larva  described  above.  It  consists  of  a  non-ciliated 
pne-oral  lobe,  followed  by  a  wide  ciliated  band,  behind  which  is  a  ring-like 
area  free  from  cilia ;  and  behind  this  again  a  peri  anal  patch  of  cilia.  The 
ring-like  area  free  from  cilia  is,  as  in  the  Eunicidan  larva,  the  region  which 
becomes  segmented.  It  soon  becomes  longer,  and  is  then  divided  into 
two  segments ;  a  third  and  fourth  etc.  non-ciliated  segment  becomes  succes- 
Hively  interposed  immediately  in  front  of  the  perianal  patch ;  and,  after  a 
certain  number  of  segments  have  become  formed,  there  appear  on  some  of 
the  hinder  of  them  shoH  tubercles,  provided  with  single  setsB  (the  noto- 
podia),  which  are  formed  from  before  backwards,  like  the  segments. 

The  mouth,  anus,  and  intestine  become  in  the  meantime  clearly  visible. 
The  mouth  is  on  the  (losterior  side  of  the  ciliated  baud,  and  the  anus  in  the 
centre  of  the  perianal  patch. 

The  ciliated  band  in  front  now  becomes  contracted  and  provided 
with  long  cilia.  It  passes  below  completely  in  front  of  the  mouth,  and 
coni^titutes,  in  fact,  a  well-marked  pr8e-oi*al  ring,  while  the  cilia  behind 
constitute  an  equally  marked  peri-anal  ring.  The  larva  has  in  fact  now 
acquired  all  the  characters  of  a  true  telotrochal  form. 

Only  a  comparatively  small  number  of  Chsetopod  larvae  remain 
permanently  telotrochal.  Of  these  Terebella  nebulosa,  already  cited 
(though  not  Terebella  conchilega), is  one;  Polygordius,  Saccocirrus  and 
Capitella  are  other  examples  of  the  same,  though  in  the  latter  form 
the  whole  ventral  surface  becomes  ciliated. 

The  majority  of  the  originally  telotrochal  forms  become  poly- 
trochal. 

In  most  cases  the  ciliated  rings  or  half  rings  of  the  polytrochal 
forms  are  placed  at  equal  distances,  one  for  each  segment.  They  are. 
especially  prominent  in  surface-swimming  larvae,  and  are  in  rare  cases 
preserved  in  the  adult  In  some  instances  {e.g.  Nerine  and  Spio) 
the  ventral  half  rings,  instead  of  being  segmentally  arranged,  are 
somewhat  irregularly  distributed  amongst  the  segments,  so  that 
there  does  not  seem  to  be  a  necessary  correspondence  between  the 
ciliated  rings  and  the  segments.  This  is  further  shewn  by  the  fact 
that  the  ciliated  rings  are  not  precursors  of  the  true  segmenta- 
tion, biit  are  developed  after  the  establishment  of  the  segments,  and 
thus  seem  rather  to  be  secondarily  adapted  to  the  segments  than 
primarily  indicative  of  them. 

In  most  Polytrochae  the  rings  are  incomplete,  so  that  they  fall 
under  the  category  of  Nototrochae  or  Gasterotrochae. 

The  larva  of  Odontosyllis  is  an  example  of  the  former,  and  that  of 
Magf^loiia  of  the  latter.  The  larvae  of  Nerine  and  Spio,  already  quoted 
as  examples  of  an  unsegmented  arrangement  of  the  ventral  ciliated  half 
rings,  are  both  amphitrochal  fonns. 

As  an  example  of  a  polytrochal  form  with  complete  ciliated  rings 
Ophryotrotiha  puerilis  may  l>e  cited.  This  fonn,  discovered  by  Clapar^e 
and  Motschuikofl^,   develops   a  complete  ciliated   ring  on  each   segment : 

18—2 
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and  the  pne-oral  ring,  tliougl)  at  tinit  single,  l)ecoineB 
divided  into  two.  This  form  \6  further  exuR|itional  ir 
ringH  are  [iersistent  iii  the  adult. 

The  unimportauce  of  the  chamcter  of  the  rings  in  tlie  polytrochal 
forms  is  shewn  liy  such  facts  as  the  alwonce  of  these  rings  in  Terebellk 
nebulusa  and  the  (ireHcncc  of  dorsal  half  liugs  in  TerolielU  coiichilega. 

The  niesotrocliiil  forma  are  tho  rarest  of  Chajtopod  larva<,  and 
would  seeui  to  bo  confined  to  tlie  tjliajtopteridje. 

Their  most  strikiikg  character  is  the  [ireseni.'e  of  one  or  two  complvttt 
ciliated  rings  which  girth  the  body  between  the  mouth  and  auus.  The 
wliole  body  is  fiii-ther  covered  with  xhort  oitia.  Tlii.>  anua  hiu<  a  distinct 
dortwl  situation,  while  on  itn  ventral  aide  there  projects  backwards  a 
[leculiar  papilla. 

Ttie  tital  absence  of  the  typical  pne-oral  and  of  the  peri-anal  baods 
separates  the  tnesotrochid  lurvie  very  sharply  from  all  the  previous 
tyjtea. 

A  characteristic  of  many  Cha>top(Hi  larvie  is  the  presence  of  a 
hunch  of  cilia  or  a  single  flngelluni  at  the  apex  of  the  ^«-oral 
lobe.  The  presence  of  such  a  structure  is  characteristic  of  the 
larval  forms  of  many  other  groups,  Turbellariaus,  Nemertines,  Mol- 
luscs, etc. 

In  the  preceiling  section  the  mode  of  multiplication  of  the 
segments  has  alreaily  been  sufficiently  described". 

Apart  from  the  formation  of  the  segments 
the  larval  metamorphosis  consists  in  the  atrophy 
of  the  provisional  ciliated  ringw  and  other  pro- 
visional organs,  and  in  th«  acquirement  of  the 
organs  of  the  adult. 

Tho  great  variations  in  the  nature  of  the 
Clia'topotl  appendages  render  it  impossible  to 
treat  this  part  of  the  developmental  Itistory  of 
the  Ohfetopoda  in  a  systematic  way. 

The  mode  of  development  of  the  append- 
ages is  not  constant,  bo  that  it  is  difficult  to 
draw  conclusions  as  to  the  primitive  form  from 
which  the  existing  types  of  appendages  are 
del  ived. 

In  a  large  number  of  cases  the  primitive 
nidiincnts  of  the  feet  exhibit  no  indication  of 


n  of  the  anterior 
„    „  „  „  . .  wilioo  to  Iho  ttoi!   , 

illl«rpol>l«d  betw(«D  the  trunk  and  the  head.     The  general  eTJdeiice,  foaaded  on  ob~ 
■ervailiotis  of  bodding.  wUeh  he  brinffR  forwanl.  cannot  be  diMiiitiK<1  here.    Bat  the 
(tpedal  inBlanee  wbioh  he  dteg  (foaDiIed  on  Milne-Ed wHrds'a  (No.  347)  obserrationa)  of 
the  inlerpolatioD  of  the  Lead  raemetita.  bcariiii^  the  giUx,  in  Tervbelia  appear*  tOBttJ 
qaile  najuilified  from  Uilne-Edu-ardii'H  own  BtaltimeDta;  and  is  clearl;    '  ' 

untnnnded  by  the  caietnl  obsermlionB  of  ClaparMe  on  Ter,  eonchiiega,  1 
■nenlK  in  qocition  are  dctnoniitrated  to  be  preseiit  bum  the  finl. 
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a  Jivision  inta  iiotopodium  and  neuropmiiiim ;  while  in  otlie 

(e.g.  Terebeila  and  Nerine,  fig.   152) 

the  notopcHlium  ia  first  developed,  and 

subsequently  the  neuropodium  quite 

independently. 

In  many  cases  the  setsc  appear  be- 
fore there  are  any  other  visible  rudi- 
ments of  the  feet  (e.0.  Lumbriconereia) ; 
while  in  other  cases  the  reverse  hulds 
good.  The  gills  are  usually  the  last 
parts  to  appear. 

Not  only  does  the  mode  of  develop- 
ment of  the  feet  differ  greatly  in 
different  types,  but  also  the  period. 
The  appearance  of  setas  may  afford  the  first  externa!  indication  of 


segmentation,  or  the  rudiments  of  the  feet  may  not  appear  till  a 
large  number  of  segments  are  definitely  established, 

A  very  considerable  number  of  Chaitopod  larvie  are  provided  with 
very  long  provisional  setiP  (tigs.  152  and  153).  These  setie  are  usually 
placed  at  the  sides  of  the  anterior  part  of  the  body,  immediately  be- 
hind the  bead,  and  also  sometimes  on  the  posterior  parts  of  the  body. 
In  some  instances  {e.g.  fig.  153)  they  form  the  only  appendages  of  tlie 
trunk.  Alex.  Agassiz  has  pointed  out  that  setie  of  this  kind,  though 
not  found  in  existing  Ch^etop^xls,  are  characteristic  of  the  fossil 
forms.  Setffi  of  this  kind  are  found  in  chietopod-Iike  larviB  of  some 
Brachiopods  (At^ope,  fig.  136). 

It  is  tempting  to  suppose  that  the  long  provisional  bristles 
springing  from  the  oral  region  are  the  setiform  appendages  handed 
down  from  the  unsegmented  ancestors  of  the  existing  Cbstopod 
forms.  Clapar^e  has  divided  Chsetopod  larvte  into  two  great  groups 
of  Metachtfitie  and  PerennichEetiB,  according  as  they  possess  or  are 
without  provisional  setae. 

With  reference  to  the  head  and  its  appendages  it  has  already 
been  stated  that  the  hea<l  is  primarily  formed  of  the  pne-oral  lobf; 
and  of  the  peristomial  region. 

The  embryological  facts  are  opposed  to  the  view  that  the  pne-oral 
region  either  represents  a  segment  or  is  composed  of  segments  eqiii- 
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valent  to  those  of  the  trunk.  The  embryonic  peristomial  region  may, 
on  the  other  hand,  be  regarded  as  in  a  certain  seuse  the  first 
segment.  Its  exact  relations  to  the  succeeding  segments  become 
frequently  more  or  less  modified  in  the  adult.  The  prje-oral  region  is 
in  most  larva  bounded  behind  by  tlie  ciliated  ring  already  desciibed. 
On  the  dorsal  part  of  tbe  pr^-oral  lobe  in  front  of  this  ring  are 
placed  the  eyes,  and  from  it  there  may  spring  a  variable  number  oS 
processes  which  form  antenna  or  cephalic  tentacles.  The  number 
and  position  of  these  latter  are  very  variable.  They  appear  as  simple 
processes,  somelimes  arising  in  pairs,  and  at  other  times  alter- 
nating on  the  two  sides.  There  is  freqiiently  a  median  unpaired 
tentacle. 

The  development  of  the  mf<clian  tentaflt^  in  Terebella,  where  there  is 
in  the  odull  a  great  number  of  similar  tentacles,  is  sufficiently  remarkable 
to  deserve  special  notice;  vide  Milne-Edwards,  ClaparMe,  etc.  It  arise* 
lung  before  any  of  the  other  tentacles  as  a  single  anterior  prolongation  of 
the  pne-oral  lobe  containing  a  parenchymatous  cavity,  which  communicates 
freely  with  the  general  perivisceral  cavity.  It  Boon  becomes  paitiallj  con- 
stricted off  at  its  baae  from  the  procephaUc  lobe,  but  continues  to  grow 
till  it  becomes  fully  half  as  long  as  the  remainder  of  the  body.  A  very 
characteristic  figure  of  the  larva  at  this  stage  is  given  by  C]u[iar(!de  and 
Metschuikoff,  PI.  XVII.,  Fig.  I  E.  It  now  strikingly  resembles  the  larval 
proboscis  of  Balanoglossus,  and  it  is  not  easy  to  avoid  the  conclusion  that 
they  are  homologotis  Btructnres. 

Another  jieculiar  cephalic  structure  which  deserves  notice  is  the  gill 
ikp[)aratUB  of  the  Serpididie. 

In  Dosychone  (Sabella)  the  gilt  apparatus  arises  (ClaparMe  and 
MetschnikolT,  No.  336)  as  a  {uur  of  uietnbraiiouH  wing-like  organs  on  the 
dorsal  side  of  the  pnt-ural  lobe  immediately  in  front  of  the  ciliated  ring. 
£^ach  siilisequently  becomes  divided  into 
two  rays,  and  new  rays  then  b^n  to 
Bprout  on  the  ventral  side  of  the  two 
pairs  already  present  A  cartilaginous 
axis  soon  becomes  formed  in  these  rays, 
and  after  this  is  formed  fi'esh  rays  sprout 
irregularly  from  the  cartilaginous  skeleton. 
In  Spirorbis  spiiillum  as  observed  by 
Ales.  Agaasii,  the  right  gill-tentacle  (fig. 
154,  ()  Grst  ap])earB,  and  then  the  left,  and 
subsequently  the  odd  opercular  tentacle 
which  covers  the  right  original  t«ntacleL 
The  third  and  fourth  tentacles  are  formed 
sively  on  the  two  sides,  and  r^idly 
l^ecome  branched  in  the  succeeding  stagea. 
With  reference  to  the  sense  organs 
it  may  be  noted  that  the  eyea,  or  at 
any  rate  the  cephalic  pigment  spots, 
Br«  generally  more  numerous  in  the  embryo  than  in  the  ailult,  and 
that  they  are  usually  present  in  the  larvie  nf  the  Sedent.iria,  thouffh 


Km.  l.^-l.  L>HV«  or  HpiBORBia. 
(F'rom  Alex.  AKWiaiz.) 

The  ArKt  odil  tentvilc  \t)  ii  iLavn 
oa  the  right  aide. 

Behind  the  pm-onl  ciliated  ring 
i»  tho  targe  collar. 
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&bseDt  in   the   adults   of  theae  forms.     The  Sedeataria  thus  pass 
through  a  larval  stage  in  which  they  resemhle  the  Eirantia. 

Paired  auditory  vesicles  of  a  provisional  character  have  heeo 
found  OD  the  ventral  side  of  the  body,  iu  the  fourth  segment  behind 
the  mouth,  in  the  larva  of  Terebella  conchilega  (Clapariide). 

Mitraru.  A  peculinr  larval  Oiietopod  form  known  as  Mitraria,  the 
metamorphoBia  of  which  was  first  worked  out  by  Metaclinikoff,  deservai 
a  B{)ecial  notice. 

Tiiis  fonti  {fig.  15S  A)  in  spite  of  its  remarkable  appearance  can  easily 
be  reduced  to  the  normal  type  of  larvii. 

The  mouth  (m)  and  anus  (ait)  (tig.  1.^.^  A)  are  closely  approximated,  and 
situated  within  a  vestibulu  the  edge  of  which  is  lined  by  a  Himple  or  lobed 
ciliated  ring.     The  shajw  of  the  body  is  tiomewhat  conical.     The  cavity 


J^"-''^ 


Fio.  155.    Two  STAOES  m  thk  detelopvkht  op  Mitiubu.     (After  HeUduiikoft.) 
n.  month;    nn.  anus;    tg,  supra -miophaeea]  ganglion;    br.  proviBioiial  brictlea; 
pr.h.  prs-aral  ciliated  band. 

of  the  vestibule  forms  the  base  of  the  cone,  and  at  the  apex  is  placed  a 
ciliated  patch  {»g).  A  pur  of  lobes  (br)  bear  provisional  setn.  llie 
alimentary  canal  is  foiiued  of  the  three  normal  parts,  oesophagus,  stomach, 
and  intestine. 

To  compare  this  larva  with  an  ordinary  Chietopod  larva  one  must 
suppose!  that  the  alimentary  canal  is  abnormally  bent,  so  that  the  post-oral 
ventral  surface  is  reduced  to  the  small  s|>ace  between  the  mouth  and  the 
anus.  The  ciliated  band  surrounding  the  vestibule  is  merely  the  usual 
pr»-oral  band,  borne  on  the  very  much  extended  edge  of  the  pne-oral  lobe. 
Tlie  ai>ex  of  the  larva  is  the  front  end  of  the  prte-oral  lobe  with  the 
usual  ciliated  patch.  The  two  lobes  with  promional  briatles  are  really 
dorsal  and  not  {>osterior. 
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The  coirectneBB  of  tlie  above  interpretation  ia  clearly  shewn  by  the 
metaniorphosiii. 

The  lirst  chon^  oonaists  in  the  pushing  in  of  a  fold  of  skin,  between 
the  moutli  and  anna,  towards  the  intestine?,  which  at  tlif  same  time  rapidly 
elongates,  and  forma  the  axis  of  a  conical  projection,  which  thereupon 
becomes  segmented  and  is  thereby  ahewn  to  be  the  rudiment  of  tlie  trunk 
(Rg.  159  B).  On  the  elongution  of  the  trunk  la  thia  way  the  pm^r»l 
lobe  and  ila  ciliated  .ring  aasume  an  appearance  not  very  dissimilar  to 
the  aarae  stnicturea  in  Pulygordius.  At  the  ciliated  a]iex  of  the  prte-orul 
lobe  a  paired  thickening  of  epihlaat  gives  riae  to  the  aujii-a-resophageal 
ganglia  {»g).  In  tlie  further  metaiiiorphoaia,  the  pi-ffi-onil  lol>e  and  ita 
ciliated  ring  gradually  become  reduced,  and  hnally  atrophy  in  the  normal 
way,  while  the  trunk  elongates  and  acquires  aette.  The  doraolly  situated 
proce«sefl  with  proviaioual  eetat  last  for  some  time,  but  finally  disappear. 
The  young  worm  then  develops  a  tube  and  sliewa  itself  oa  a  iiurmMl 
tubicolous  OhKtopod. 

Formation  of  Organs. 

Except  ill  the  case  of  a  few  organs  our  knowledge  of  the  forma- 
tion of  the  organs  in  the  CLaatopoda  is  derived  from  investigations  on 
the  OligochtKta. 

The  embryo  of  the  Oligochieta  has  a  more  or  less  spherical  form, 
but  it  soon  eloDgato»,  and  becoming  segmented  acquires  a  distinct 
vermiform  character.  The  ventral  surface  ia  however  for  a  consider- 
able time  markedly  convex  as  compared  to  the  dorsal. 

The  veutrally  placed  mouth  is  surrounded  by  a  well-marked  lip, 
and  in  front  of  it  is  placed  a  small  pne-oral  lobe. 

The  epiblast.  The  epiblast  cells  at  the  commencement  of  the 
gastrula  stage  become  much  Battened,  and  on  the  completion  of  the 
invagination  form  an  investment  of  flattened  cells,  only  thickened 
in  the  neighbourhood  of  the  mesoblastic  bands  (fig.  141  B  and  C}. 
In  the  Polychffita  at  any  rate  the  statements  of  several  investigatoTS 
would  seem  tu  indicate  that  tho  cuticle  is  derived  from  the  chorion. 
It  is  ditticult  to  accept  this  con- 
clusion, but  it  deserves  further  in- 
vestigation. 

Mervoos  system.     The  most  im- 

Eortant  organ  derived  from  the  e|M- 
last  is  the  nervous  system ;  the  origin 
of  which  from  this  layer  was  first  es- 
tablished by  Kowalevsky  (No.  342). 

It  arises'  (Kleineuberg,  No.  341) 

from  two  at  first  quite  distinct  struo- 

■  tures,  viz.   (1)   the   eupra-oesophageal 

,  ,  ,  rudiment  and  (2)  the  rudiment  of  the 

phS^SSYSf  £t^"ri";     ™'"J  <»'^-.     The  former  of  the«, 

X.  (Mophogiu.  takes  its  origin  as  an  unpaired  dorsal 

'  For  tartlicr  dclaila,  vidt  general  chapter  oa  NarTona  Syslem. 
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3  two  independent  thicken- 


T    AM     EHBBYO    Of    LtlMIIBlCDH    TIUfE- 

otoea.    (After  Eleinenbcrg.) 

m.  loQgitadiiml  mascles;  to.  no- 
latic  mBNoblABt;  $p.  Hplancbliio  me- 
Bublast:  hy,  hypoblast;  Vg.  ventral 
J;  pp.  ventral  veaael. 


thickeniDg  of  tlie  epiblast  at  the  front  end  of  tlif  licful  (fig.  15(i, 
eg,),  which  sends  two  prolongations  downwards  and  backwards 
meet  the  veiitrul  cord.  The  latter  arises  e 
ings  of  the  epiblaat,  one  on  each  side 
of  the  ventral  furrow  (fig.  157,  Vg). 
These  soon  unite  iindemeatli  the 
furrow',  in  the  median  Ime,  and  after 
being  differentiated  into  segmonlally 
arranged  ganglionic  and  intergangli- 
onic  regions  become  separated  from 
the  epiblast.  Both  the  Bupra-tesupha- 
geal  and  ventral  cord  become  sur- 
rounded by  a  layer  of  somatic  meso- 
blast  The  junction  between  the  two 
parts  of  the  central  nervous  system 
takes  place  comparatively  late. 

The  mesoblast.  It  is  to  Kowa- 
levsky  (No.  342)  and  Kleinenbei^ 
(No.  341)  that  we  mainly  owe  our  knowledge  of  the  hiatory  of  the 
mesoblast.  The  fundamental  processes  which  take  place  are  (1)  the 
splitting  of  the  mesobla-st  into  splanchnic  and  somatic  layers  with  the 
body  cavity  between  Ihem,  (2)  the  transverse  division  of  the  mesoblast 
of  tbe  trunk  into  distinct  somites. 

The  former  process  commences  in  tbe  cephalic  meaoblastic  com- 
missure, where  it  results  in  the  formation  of  a  pair  of  cavities  each 
with  a  thin  somatic  and  thick  splanchnic  layer  (fig.  156,  cc);  and 
thence  extends  gradually  backwards  into  the  trunk  (fig.  141  C,  pp). 
In  the  trunk  however  the  division  into  somites  precedes  the  horizontal 
splitting  of  the  mesoblast.  The  former  process  commences  when  the 
mesobla^tic  bands  form  widish  columns  quite  separate  from  each 
other.  These  columns  become  broken  up  successively  fi-om  before 
backwards  into  somewhat  cubical  bodies,  in  the  centre  of  which  a 
cavity  soon  appears.  The  cavity  in  each  somite  is  obviously  bounded 
by  four  walls,  (1)  an  outer,  the  somatic,  which  is  the  thickest; 
(21  an  inner,  the  splanchnic;  and  (8,  4)  an  anterior  and  posterior.  The 
adjoining  anterior  and  posterior  walls  of  sncccssive  somites  unite 
together  to  form  the  transverse  dissepiments  of  the  adult,  which  subse- 
quently become  very  thin  and  are  perforated  in  numerous  places,  thus 
placing  in  communication  the  separate  compartments  of  the  body 
cavity.  The  somites,  though  at  first  confined  to  a  small  area  on  tbe 
ventral  side,  gradually  extend  so  as  to  meet  their  fellows  above  and 
below  and  form  complete  rings  (fig.   157)  of  which  the  splanchnic 

L layer  {sp)  attaches  itself  to  the  enteric  wall  and  the  somatic  (so)  to 
the  epiblast.  In  Folygordua  and  probably  also  Saccocirrus  and  other 
forma  the  cavities  of  the  somites  of  tbe  two  sides  do  not  coalesce ;  and 
the  walls  which  separate  them  constitute  dorsal  and  ventral  mesen- 
teries.    The  two  cavities  in  the  cephalic  commissure  unite  dorsally, 
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The  meBoUastic  niaiwes  of  the  Iiefid  &re  probably  not  to  lie  regarded  as 
forming  a  pair  of  somitea  equivalent  to  tliose  in  the  trunk,  but  an  forming 
the  meaobiastic  jiart  of  the  prav^iral  lobe,  of  which  so  much  has  beeji  Baid  in 
the  preceding  pages.  Kleise^iiberg's  observations  are  however  of  great  im- 
)x>rtiince  aa  ahewiiig  that  the  cephalio  cavities  are  simply  au  anterior 
[lort  of  the  true  body  cavity. 

The  Bplancbnic  layer  of  the  bead  cavity  givea  rise  to  the  muscu- 
lature of  the  ceaophagus. 

The  somatic  layer  of  the  trunk  somites  becomes  converted  into  the 
niusculAture  of  the  lx>dy  wall  and  the  external  peritoneal  layer  of 
body  cavity.  The  firat  part  of  the  muscular  system  to  be  defi- 
nitely formed  ia  the  ventral  band  of  longitudinal  niuacles  which  ansea 
on  each  side  of  the  nervous  system  ia  contact  with  the  epidermis  (fig. 
157,  «i).  How  the  cirt'idar  tnuacles  become  subsequently  formed 
outside  these  muscles  has  not  been  made  out. 

The  splanchnic  layer  of  the  trunk  somites  gives  rise  to  the 
muscular  and  counective-tissue  wall  of  the  mesenteron,  and  also  to  the 
walls  of  the  vascular  trunks.  The  ventral  vessel  is  firat  formed 
(Kowalevsky)  as  a  solid  mass  of  cells  which  subsequently  becomes 
hollowed  out.  The  dorsal  vessel  in  Lumbricus  and  Criodrilua  is 
stated  by  Kowalevsky  and  Vejdovsky  to  be  formed  by  the  coalee- 
cence  of  two  lateral  vessels;  a  peculiarity  which  is  probably  to  be 
explained  by  the  late  extension  of  the  mesoblast  into  the  dorsal  regioa. 

The  layer  from  which  the  sacks  for  the  setae  and  the  segmental 
organs  spring  is  still  doubtful.  The  sacks  for  the  setfe  are  believed  by 
Kowalevsky  (No.  342)  to  be  epiblastic  invaginations,  but  are  stated 
by  Hatachek  {No.  339)  to  be  mesoblastic  prooucu.  For  the  develop- 
ment of  the  segmental  organs  the  reader  is  referred  to  the  chapter 
on  the  excretory  system. 

In  marine  Poiycbseta  the  generative  oraaus  are  no  doubt  meso- 
blastic products,  as  they  usually  spring  from  the  peritoneal  epithelium, 
especially  the  ]iarts  of  it  covering  the  vascular  trunks. 

The  Alimentary  Canal.  In  Lumbricus  the  enteric  cavity  is  formed 
during  the  giu^tnila  stage.  In  C'riodrilus  the  hypoblast  has  at  first 
no  hiuniti,  but  this  becomes  very  soon  established.  In  Euaxes  on  the 
other  hand,  where  there  is  a  true  epibolic  gastrula,  the  mesenteron  is 
at  first  represented  by  a  solid  mass  of  yolk  {i.e.  hypoblast)  colls.  Aa 
the  central  amongst  these  become  absorbed  a  cavity  is  formed.  The 
protoplasm  of  the  yolk  cells  which  line  this  cavity  unites  into  a  con- 
tinuous polynuclear  layer  containing  at  intervals  masses  of  yolk. 
These  masses  become  gradually  absorbed,  and  the  protoplasmic  wall 
of  the  mesenteron  then  breaks  up  into  a  cylindrical  glandular  epithe- 
lium similar  to  that  of  the  other  types. 

1  a  Lumbricus  and  C'riodrilus  the  blastopore  remains  as  the  mouth, 
but  in  Euaxes  a  new  mouth  or  rather  stomoda'um  is  formed  by  aa 
epiblastic  invagination  between  the  front  end  of  the  two  mesoblastic 
bauda  This  epiblastic  invagination  forms  the  permanent  oesophagus; 
and  in  Lumbricus  trapezoides  and  Criodrilus,  where  the  oral  opening  is 
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at  first  lined  by  hypoblast,  the  epiblast  soon  becomes  inflected  so  as  to 
line  the  oesophageal  region.  The  splanchnic  mesoblast  of  the  cephalic 
region  subsequently  invests  the  oesophagus,  and  some  of  its  cells 
penetrating  between  the  adjoining  epiblast  cells  give  rise  to  a  thick 
wall  for  this  part  of  the  alimentary  tract;  the  original  epiblast  cells 
being  reduced  to  a  thin  membrane.  This  mesoblastic  wall  is  sharply 
separated  from  the  muscular  wall  outside,  which  is  also  formea  of 
splanchnic  mesoblast. 

The  anus  is  a  late  formation. 

Altematioita  of  generations. 

Amongst  Chsetopoda  a  considerable  number  of  forms  exhibit  the 
phenomenon  of  alternations  of  generations,  which  in  the  same  general 
way  as  in  the  case  of  the  Coelenterata,  is  secondarily  caused  by 
budding  or  fission. 

The  process  of  fission  essentially  consists  in  the  division  of  a  parent 
form  into  two  zooids  by  the  formation  of  a  zone  of  fission  between 
two  old  rings,  which  becomes  differentiated  (1)  into  an  anal  zone 
in  front  which  forms  the  anal  region  of  the  anterior  zooid,  and  (2) 
into  a  cephalic  zone  behind  which  forms  the  head  and  some  of  the 
succeeding  segments  of  the  posterior  zooid.  The  anal  zone  is  capable, 
by  growth  and  successive  segmentation,  of  giving  rise  to  an  indefinite 
number  of  fresh  segments. 

In  Protula  Dysteri,  as  shewn  by  Huxley,  there  is  a  simple 
fission  into  two  in  the  way  described.  Sexual  reproduction  does  not 
take  place  at  the  same  time  as  reproduction  by  fission,  but  both 
zooids  produced  are  quite  similar  and  multiply  sexually. 

In  the  freshwater  forms  Nais  and  Chaetogaster  a  more  or  less 
similar  phenomenon  takes  place.  By  a  continual  process  of.  growth 
in  the  anal  zones,  and  the  formation  of  fresh  zones  of  fission  when- 
ever four  or  five  segments  are  added  in  front  of  an  anal  zone,  com- 
plicated chains  of  adhering  zooids  are  produced,  each  with  a  small 
number  of  segments.  As  long  as  the  process  of  fission  continues 
sexual  products  are  not  developed,  but  eventually  the  chains  break 
up,  the  individuals  derived  from  them  cease  to  go  on  budding,  and, 
after  developing  a  considerably  greater  number  of  segments  than  in 
the  asexual  state,  repnxluce  themselves  sexually.  The  forms  de- 
veloped from  the  ovum  then  repeat  again  the  phenomenon  of  budding, 
etc.,  and  so  the  cycle  is  continued*. 

The  phenomena  so  far  can  hardly  be  described  as  cases  of 
alternation  of  generations.  The  process  is  however  in  certain  types 
further  differentiated.  In  Syllis  (Quatrefages)  fission  takes  place, 
the  parent  form  dividing  into  two,  of  which  only  the  posterior  after 
its  detachment  develops  sexual  organs.  The  anterior  asexual  zooid 
continues  to  produce  fresh  sexual  zooids  by  fission.     In  Myrianida 

1  Beprodaction  by  budding  and  formation  of  tho  sexual  products  to  somo  extent 
overlap. 
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also,  where  a  chain  of  zooids  ib  formed,  the  sexual  elements  seem 
to  be  confined  to  the  individuals  produced  by  budding. 

The  cases  of  Syllis  and  Myrianida  seem  to  be  genuine  examples  of 
altematioos  of  generations,  but  a  still  better  instance  is  afforded  by 
Autolytus  (Kronn,  No.  343,  and  Agassiz,  No.  333). 

In  Autoly  tus  cornutus  the  parent  stock,  produced  directly  from  the 
6^>  actiuires  about  40 — 45  segments,  and  then  gives  rise  by  (issioD. 
with  the  production  of  a  zone  of  fission  between  about  the  13th  and 
14th  rings,  to  a  fresh  zooid  behind.  This  after  becoming  fully 
developed  into  either  a  male  or  a  female  is  detached  from  the 
parent  stock,  from  which  it  very  markedly  ditfera  The  males  and 
females  are  moreover  very  different  from  each  other.  In  the  female 
zooid  the  eggs  are  carried  into  a  kind  of  pouch  where  they  undergo 
their  development  and  give  rise  to  asexual  parent  stocks.  After  the 
young  are  hatched  the  female  dies.  The  asexual  stuck,  after  budding 
off  one  sexual  zooid,  elongates  again  and  buds  off  a  second  zooid.  It 
never  develops  generative  organs. 

The  life  history  of  some  species  of  the  genus  Nereis  presents  certain 
very  strikin);  peculiarities  which  have  not  yet  been  completely  elucidateiL 

As  was  first  shewn  by  Malmgren  aseKual  examples  of  various  speeies  of 
Nereis  may  adjuire  the  characters  of  Heteronereis  and  become  sexually 
inaturo. 

The  metamorphosis  of  Nereis  Duniorilii  lias  l)een  investigated  by 
t'laportdt',  who  has  ari'ived  at  certain  very  i-emarkable  conclusiona  He 
finds  that  there  are  two  distinct  sexual  geaerations  of  the  Nereis  form  of 
this  species,  and  two  distinct  sexual  generatiomi  of  the  Het«ronereis 
form. 

One  sexual  Nereis,  chantcterized  by  its  smoJl  hvk,  is  di<Bcioua,  the  other 
discovered  by  Metuchnikoff  is  hermafihro<lite. 

Of  the  Heteronereis  sexual  forms,  both  are  diieci'ius,  one  is  small, 
and  swims  on  the  surface,  the  other  is  larger  and  lives  st  the  bottom. 

How  these  varioUH  generations  are  mutually  related  has  not  been  madi^ 
out;  but  Cla|>ar^de  traced  the  passage  of  lai'ge  asexual  ojcaniples  of  llie 
Nereis  form  into  the  large  Heteroiiereis  form. 
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DISCOPHORA*. 


The  eggs  of  the  Discophora,  each  enclosed  in  a  delicate  membrane, 
are  enveloped  in  a  kind  of  mucous  case  formed  by  a  secretion  of  the 
integument,  which  hardens  into  a  capsule  or  cocoon.  In  each  cocoon 
there  are  a  limited  number  of  eggs  surrounded  by  albumen.  The 
cocoons  are  attached  to  water-plants,  etc.  In  Clepsine  the  embryos 
leave  the  cocoon  very  soon  after  they  get  rid  of  ttie  egg  membrane, 
but  in  Nephelis  they  remain  within  the  cocoon  for  a  very  much 
longer  period  (27 — 28  days  after  hatching).  The  young  of  Clepsine, 
after  their  liberation,  attach  themselves  to  the  ventral  surface  of  their 
parent. 

Our  knowledge  of  the  development  of  the  Discophora  is  in  a 
very  unsatisfactory  state;  but  sufficient  is  known  to  shew  that  it  has 
very  many  points  in  common  with  that  of  the  Oligocho^ta,  and  that 
the  Discophora  are  therefore  closely  related  to  the  Chietopoda.  In 
Clepsine  there  is  an  epibolic  gastrula,  and  mesoblastic  bands  like 
those  in  Euaxes  are  also  formed.  In  Nephelis  however  the  segmenta- 
tion is  very  abnormal,  and  the  formation  of  the  germinal  layers  can- 
not easily  be  reduced  to  an  invaginate  gastrula  type,  though  probably 
it  is  UKKiiiied  from  such  a  type.  Mesoblastic  bands  similar  to  those 
in  the  01igocha;ta  occur  in  this  form  also. 

The  embryology  of  Clepsine,  wliich  will  serve  as  tj^pe  for  the 
liCeches  without  jaws  (Rhyncobdellidije),  has  recently  been  studied 
by  Whitman  (No.  365),  and  that  of  Nephelis,  which  will  serve  as  type 
for  the  Leeches  with  jaws  (GnathoMcllida*),  has  been  studied  by 
Butschli  (No.  359).  The  early  history  of  both  types  is  imperfectly 
known*. 

*  The  IMscophora  are  divided  into  the  following  gronim. 

I.  RhjncobdellidaB. 

II*  Onathobdellidfle. 

III.  BranchiobdellidaB. 

*  Hoffmann*!!  account  (No.  36)  iri  no  different  from  that  of  other  obscr^cra  that 
1  have  been  unable  to  make  any  u^e  of  it. 
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Ful-mation  of  the  layers. 

ClepSU16.  It  is  UEwessury  to  give  a  full  account  of  the  segraentation 
of  Clepsiiic,  as  the  foi-mation  of  the  germinal  layers  would  be  otherwise 
Uikiiite  nibble. 

SegmeatHtiun  commeBces  with  the  divUion  of  the  oviuu  into  two 
unequal  spheres  bj  a  veilical  cleavage  paflsiikg  from  the  animal  to  the 
vegetative  pole.  Byatiecond  vertical  cleavage  the  large  segment  is  divided 
into  two  unequal  parts,  and  the  small  one  into  two  equal  ]>arte.  Of  the 
four  segments  iso  i>roduced  three  are  relatively  timall,  and  one,  placed  at  the 
poHterior  end,  Is  large.  Each  of  the  four  Begments  next  gives  rise  to  a 
Hiiiall  cell  at  the  animal  pole.  These  aniall  cells  form  the  commeuceraent 
of  the  epiblast,  and,  according  to  Whitman,  the  mouth  is  eventually  placed 
iu  their  ceutre.  Such  a  position  for  the  mouth,  at  the  animal  ]Kile,  is 
extremely  unusual,  and  the  atateuienta  ou  thin  head  itiquire  further  con- 

The  post«rior  large  segment  now  divides  into  two,  one  of  which  is 
dorsal,  and  the  other  and  larger  ventral.  The  foraier  I  shall  call  with 
WhitmMU  the  neuroblast,  and  the  latter  the  mesoblast.  The  mcsoblast 
very  shortly  divides  again.  During  the  formatiun  of  the  neuroblast 
and  mesoblast  additional  epiblastic  email  cells  are  added  from  the  three 
spheres  which  give  rise  to  three  of  the  primitive  e|iiLtast  cells,  which  may 
now  be  called  the  vitelline  spheres. 

The  neuroblast  next  divides  into  ten  cells,  of  which  the  two  smaller 
are  auon  broken  up  into  epiblastic  cells,  while  the  remaining  eight  arrange 
themselveH  in  two  groups  of  four  each,  one  group  on  each  side  at  the  posterior 
border  of  the  epiblastic  cap.  The  two  mesoblaats  also  take  up  a  portion 
ou  the  light  and  left  sides  im- 
mediately ventral  to  the  four 
neuroblatibB  of  each  side.  The 
neumhlasts  and  mesoblasts  now 
commence  to  proliferate  at  tlieir 
anterior  boi'der,  and  produce  on 
each  side  a  thickened  band  of 
cells  underneath  the  edge  of  the 
cap  of  epiblast  celU.  Each  of 
these  bauds  hi  formed  of  a  sujieV- 
ficial  quadruple'  i-ovr  of  neuro- 
bhusts  budded  off  from  the  four 
primary  neuroblasts,  and  adeeper 
row  of  mcstoblasts.  The  com- 
pound streaks  so  formed  may  be 
called  the  germinal  streaks. 

The  general  appeanuica  of 
the  embryo  as  seen  from  the 
dorsal  surface,  after  the  appear- 
ance of  the  two  germinal  atreaks, 
may  bo  gathered  from  fig.  156  A. 
The  epiblastic  cap  in  this  figure 
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Pis.  16B.  Tvo  tiewh  or  tuE  laata  or 
Clefsini!.     I  ARur  Wbitmsn. ) 

o.  oral  extremit;;  ni,  moulh ;  pr.  germinal 

A.  This  Ggm^  shews  the  bl&atodDrm 
(shaded)  with  u  thiukenod  nige  lunaed  by  the 
prioiitive  ii.f.  maaoblBstic)  slreakB  with  the 
four  ao-called  neoroblaBts  poitteriorly.  The 
viteUine  xpheres  are  left  witliout  ahadmg. 

B  repreaeata  on  embryo  in  wliich  Ihe 
blnstoderm  has  enclustid  the  yolk,  and  Id 
which  tha  divieion  mt<>  si'gmeulB  has  taken 
place.  At  the  bind  tml  are  sliewu  tbo  so- 
called  aenroblaata  forming  the  termitiiitlou  at 
the  geiminal  streak. 

e  usual  for  there  to  bo  only  a  triple  rov  of  primary 
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IB  shaded.  Tlie  epiblantic  cap,  accompaaied  by  tbe  germinal  streaks,  now 
rapidly  ext^ndB  and  euclotu«  the  three  vitelline  spheres  by  u  procees 
eqnivHient  to  that  of  an  ordinary  epiboHc  gastiida  ;  but  the  front  and  bind 
ends  of  the  streaks  rem»in  practically  stationary.  Owing  to  tbia  mode 
of  growth  the  edgoe  of  the  epiblantic  cap  and  the  germinal  streaks  meet  in 
a  linear  fa.shion  along  the  ventral  surfuce  of  the  embryo  (lig.  1 59,  A  and  B). 
The  germinal  streaks  first  meet  anteriorly  (B)  and  their  junction  is  tJien 
gradually  continued  backward;).  The  proceea  is  completed  at  about  the 
time  of  hatching. 

During  the  above  changes  the  nuclei  of  the  vitelline  spheres  pMS 
to  the  surface  and  ra])idly  divide.  Eventually,  together  with  part  of  the 
protoplasm  of  the  vitelline  spheres,  they  appear  to  give  rise  to  a  layer  of 
by)>oblastic  cells.  This  layer  encloses  the  remains  of  the  vitelline  spheres, 
wluch  become  tiie  yolk. 

At  the  front  end  of  the  germinal  atreaks,  in  a  position  corresponding 
with  that  of  the  four  origiaal 
opiblast  cells,  two  depreasions 
_  appear  which  ooalesce  to  form 

«^^^!^^^^       the  single  oral  invnginatioo;  in 
f!^B"^     ^tfi      the  centre  of  which  are  formed 
S-s  - -'■-^^^^^^m'j      ^^^  mouth  and  pharynx    by  a 
\^^^^my'        "econd  epiblustic  invagination. 
^^I^V''^  The  most  important  point  in 

connection  with  the al<ovc  history 
is  the  fate  of  what  have  been 
called  the  germinal  streaks.  A»v 
cordlng  to  Wliitmau  tliey  an 
mposed  of  two  kinds  of  cells, 
e.  four  rowB  of  smaller  stiper- 
ticiul  cells,  which  he  calls  nenro- 
blasts,  and,  in  the  lat«r  stages 
at  any  rate,  a  row  of  deeper  large  cells,  which  he  calls  nicsoblasbs.  As 
to  the  eventual  fute  of  these  cells  he  states  that  the  neuroblasts  uniting 
together  in  the  median  line  form  the  rudiment  of  the  Teotnil  ganglionic 
chain,  while  the  mesi>b1asts  equally  coalesce  and  ^vc  rise  to  the  mesobUat. 
Huch  a  mode  of  origin  for  a  ventral  ganglionic  chain  is,  so  fur  as  I  know, 
without  a  pariillel  in  the  whole  animal  kingdom ;  and  what«ver  evidenoo 
Whitman  may  have  that  the  cells  in  question  really  do  give  rise  to  the 
nervous  system  he  haa  not  thought  lit  to  jtrottuco  it  in  his  paper.  He 
figures  a  set^tiun  with  the  eight  neuroblaslic  cells  in  the  middle  ventr&l 
line,  and  in  the  next  stage  descrit^ed  the  nervous  system  is  divided  up  into 
ganglia !  The  first  stage,  in  which  the  so-called  nervous  ayst«m  haa  the 
form  of  a  single  row  of  eight  oella,  is  quite  unlike  any  rudiment  of  the  ner- 
vous system  snci)  as  is  unually  met  with  in  the  Cbtetnpoda,  and  not  a  single 
stitge  between  this  and  a  gangliunated  cord  is  described  or  figured.  Wbit- 
man,  whoae  views  seem  to  have  been  influenced  by  a  peculiar,  and  in  my 
opinion  erroneous,  theory  of  Kauber'a  altout  the  relation  of  the  neunil 
groove  of  VertC'bi-ata  to  the  blastopore,  docs  not  seem  to  be  aware  that 
his  dftenni  nation  of  the  fate  of  his  neuroblnRts  rfNguireaany  special  supgiort. 
He  quotes  tlie  formation  of  tliese  imrts  iit  Euaxes  (rijle  preceding 
Chapter,  p.  268)  as  sinkibir  to  that  in  Cle]>sine.     In  this  coraparioon  it 
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g:  gerroinal,  i.e.  mesubUBlia  streokB. 
The  area  covned  by  epibUat    in   shaded. 
The  Bo.calie>l  uenroLliiHta   at   the  end  o[  the 
germinal  Btreaku  are  shewn  ii 
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appears  to  me  prQ})iLl>lo  that  he  inuy  bu  quite  coi-i'eut',  but  tbe  result  of 
the  comparison  wouhi  be  to  shew  that  the  neuroblasta  and  mesoblasts 
composed  together  a  inesoblnatic  band  similar  to  that  of  the  OligoclicetiL 
Till  more  evidence  is  brought  forward  by  Whitman  or  some  other  obaerver 
in  support  of  the  view  that  the  ao-called  neiiroblastH  have  anj  shan;  in 
forming  the  nervous  system,  they  must  in  my  opinion  be  regarded  as  pro- 
bably forming,  in  conjunction  with  the  roesoljlasts,  two  simple  mesobh^tic 
bAnds.  Kowatevsky  has  moreover  briefly  stated  that  he  has  satisfied  himaelf 
that  the  nervous  system  in  Clepnine  originates  from  the  epibluat — a  state- 
ment which  certainly  could  not  be  brought  into  harmony  with  Whitman's 
account. 

Nephelis.  Nephelis  will  fonu  my  typo  of  the  Onathobdelliilfe.  The 
segmentation  of  thi^  form  has  not  yet  bwn  thoroughly  investigated,  but 
Biltachli's  (No.  359)  observations  are  probably  the  most  trustworthy. 

The  ovum  first  divider  into  two,  and  then  Into  four  segments  of  which 
two  are  slightly  smaller  than  the  othern.  Four  small  cells  which  form  the 
oomraenoement  of  the  epiblast  are  now  formed.  Three  of  them  are  derived 
by  budding  from  the  two  larger  and  one  of  the  smaller  of  the  four  cells, 
and  the  fourth  from  a  subsequent  diviaion  of  one  of  the  larger  cells'. 
The  three  cells  which  assisted  in  the  formation  of  the  epiblast  cells  again 
give  rise  each  to  a  small  cell;  and  the  small  cells  so  formed  constitute  a 
layer  underneath  the  epiblftst  which  is  the  commencement  of  the  hypoblast, 
while  the  cells  from  which  they  originated  form  the  vitelline  spheres. 
Shortly  after  the  formation  of  the  hypoblast,  the  large  sphere  which  has 
hitherto  been  quiescent  divides  into  two,  one  of  which  then  gives  rise 
'u  succession  to  two  small  epiblostic  elements. 

Tbe  two  large  sphere!),  resulting  from  the  division  of  the  originally 
quiescent  sphere,  next  divide  again  on  the  opposite  side  of  the  embryo, 
and  form  a  layer  of  epililast  there;  so  that  there  is  now  on  one  side  of 
the  embryo  (the  ventral  according  to  Robin)  a  layer  of  epiblast  formed 
of  six  cells,  and  on  the  opposito  side  a  layer  formed  of  four  cells.  The 
two  layers  meet  at  the  front  bonier  of  the  embryo  and  between  them  are 
placed  the  three  large  vitelline  spheres.  The  two  patohea  of  epiblast  cells 
now  rapidly  increase,  and  gradually  spread  over  the  tliree  large  vitelline 
spheres.  Except  where  they  meet  each  other  at  the  front  edge  they  leave 
uncovered  a  large  part  of  the  margin  of  the  vitelline  spheres. 

While  these  changes  have  been  taking  place  on  ttie  extorior,  the 
hypoblast  c*lls  have  increased  in  number  (additional  cells  being  probably 
derived  from  the  three  largo  vitelline  spheres)  and  fill  up  in  a  column-lilie 
fashion  a  space  which  is  bounded  behind  by  the  three  vitelline  spheres,  and 
in  front  by  the  epiblast  of  the  anterior  end  of  the  embryo.  At  the  sides  of 
the  hypoblast  the  meaoblast  has  become  estiibliahed,  probably  as  two  lateral 

I  bands.  The  origin  of  the  cells  forming  it  has  not  yet  been  detomiined. 
The  hypoblast  cells  in  the  succeeding  stage  arrange  themselves  round  a 
central  archentoric  cavity,  and  at  the  same  time  rapidly  increase  in  sixe 
and  become  tilled  with  a  secondary  dejMsit  of  food-yolk.  Shortly  after- 
wards a  mouth  and  thick-walled  (esophagus  are  formed,  proliably  from  an 
•pit 
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liaiiilH  at  tlie  two  uiileti  of  tbe  Ixxly,  ti(iiival(>nt  to  the  iitesoblastic  bHixU 
iif  the  (Jluetopodti.  The  tliree  vitelliiw!  splierea,  still  largt^ly  uucovei'ed  bj 
ihe  epiblaet,  lie  ut  the  poateriur  end  of  thu  iMxly.  The  embryo  grows 
rapidly,  ^pevially  aut«i-ior]y,  and  the  three  litellioe  spheres  bevtime 
covered  by  a  layei'  of  flattene^l  epiblast  cells.  Aruunil  the  O'sophftgus  a 
cavity  traversed  by  muacutar  fibreti  is  establiiihed.  Elsewhere  there  is  Do 
trace  of  such  a  cavity.  The  cephalic  region  becomes  ciliated,  and  the 
dorRsl  part  of  it,  wliich  representn  a  rudimentary  prte-oral  lobe,  in  espeoiallr 
prominent.  Tlie  cilia  of  the  oral  region  are  conlimied  iuto  the  lumen  (^ 
the  (BttopliBguH,  and  at  a  later  period  aie  prolonged,  as  in  Lumbricus,  along 
the  median  line  of  the  ventral  surface. 

The  meaoblastic  bands  would  seem  from  Biitschli's  obaervatious,  which 
receive  confirmation  from  Kleinenbeig'e  researehei)  on  Lumbricus,  to  be  pro- 
longed dorsally  to  tbe  (paophagus  ijito  the  cephalic  regiuu.  I'ottieriorly  they 
abut  on  the  largn  vitelline  spheres,  whicli  were  suppoaed  by  KowaleTaky 
to  give  origin  to  tbem,  and  to  play  the  same  part  an  tbe  large  mesu- 
blasta  in  Lumbricus.  It  has  already  been  shewn  that  the  function  of  the 
large  cella  in  Lumbricus  baa  been  exaggt<rHt«d,  and  Butscbli  denioa  to 
them  in  Nephelis  any  share  in  the  productiim  of  the  mesoblast.  It  seems 
in  fa«t  proliablo  thai  they  are  homologous  with  the  three  ^'it«lline  spheres 
of  C'lepsine ;  and  that  their  primitive  functiim  is  to  give  origin  to  the 
hyjxiblaBt.  They  are  visible  for  a  long  time  at  the  hind  end  of  tbe  embryo, 
but  eventually  break  up  into  smaller  cells,  the  fate  of  which  is  unknown. 

The  embryo  ot  Hij-udo  would  ap[>ear  from  the  researches  of  iiobin 
to  develop  in  nearly  the  same  way  as  that  of  Nephelis.  The  anterior 
part  is  not  however  ciliated.  The  three  large  |>osterior  cells  disappear 
relatively  early. 


General  liisiori/  of  Uie  limti. 

The  larva  of  Clepsiue,  at  the  time  when  the  mesobtastic  bands 
have  met  along  the  veDtral  line,  ia  represented  io  tig.  168  B.  It  is 
seen  to  be  already  segmented,  tbe  procesB  having  proceeded  pari 
passu  with  the  ventral  coalescence  of  the  mesoblastic  bands.  The 
segnients  aj-e  formed  from  before  backwards  as  in  Chs-topoda,  The 
domal  Kurfn^^e  is  flat  and  short,  and  the  ventral  very  convex.  The 
embryo  about  this  time  leaves  its  capsule,  and  attaches  itself  to  its 
parent.  It  rapidly  elongates,  and  the  dorsal  surface,  growing  more 
rapidly  than  the  ventral,  becomes  at  last  the  more  convex,  Even- 
tually thirty-three  post-oral  segments  become  formed;  of  which  the 
eight  last  coalesce  to  form  the  posterior  sucker. 

The  general  development  of  the  body  of  Nephelis  and  Hirudo 
is  nearly  the  same  as  that  of  C'lepsine.  The  embryo  passes  from  a 
spherical  to  an  oval,  and  then  to  a  vermiform  shape.  Fur  full  details 
the  reader  is  referred  to  Robin's  memoir. 

The  presence  of  a  well-marked  protuberance  above  the  (esophagus, 
which  forms  the  nidimeul  of  a  pra!-oral  lobe,  has  already  been  men- 
tioned an  characteristic  of  the  embryo  of  Nephelis;  no  such  structure 
Ik  found  in  ('lepsine. 
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History  ofiJie  germinal  layers  and  development  of  organs. 

The  epiblast.  The  epiblast  is  formed  of  a  single  layer  of  cells 
and  early  develops  a  delicate  cuticle  which  is  clearly  formed  quite 
independently  of  the  egg  membrane.  It  becomes  raised  into  a  series 
of  transverse  rings  which  bear  no  relation  to  the  true  somites  of  the 
mesoblast. 

The  nervous  system.  The  nervous  system  is  probably  derived 
from  the  epiblast,  but  its  origin  still  requires  further  investigation. 
The  ventral  cord  breaks  up  into  a  series  of  ganglia,  which  at  first 
correspond  exactly  with  the  somites  of  the  mesoblast.  Of  these,  four 
or  perhaps  three  eventually  coalesce  to  form  the  sub-cesophageal 
ganglion,  and  seven  or  eight  become  united  in  the  posterior  sucker. 

It  would  appear  from  BUtschli's  statements  that  the  supra-oeso- 
phageal  ganglion  arises,  as  in  Oligochseta,  independently  of  the  ventral 
cord. 

Mesoblast.  It  has  already  been  indicated  that  the  mesoblast 
probably  takes  its  origin  both  in  Nephelis  and  Clepsine  from  the  two 
mesoblastic  bands  which  unite  in  the  median  ventral  line.  The 
further  history  of  these  bands  is  only  imperfectly  known.  They  be- 
come segmented  from  before  backwards.  The  somites  formed  by 
the  segmentation  gradually  grow  upwards  and  meet  in  the  dorsal 
line.  Septa  are  formed  between  the  somites  probably  in  the  same 
way  as  in  the  Oligochaeta. 

In  Clepsine  the  mesohlastic  bands  are  stated  by  Kowalevsky  to  be- 
come split  into  somatic  and  splanchnic  layers  between  which  are  placed 
the  so-called  lateral  sinuses.  These  sinuses  form,  according  to  Whitman, 
a  single  continuous  tube  investing  the  alimentary  tract;  a  tube  which 
differs  therefore  to  a  very  small  extent  from  the  normal  body  cavity  of 
the  Chsetopoda.  The  somatic  layer  of  mesoblast  no  doubt  gives  rise  to 
the  circular  and  longitudinal  muscular  layers  of  the  embryo.  The  former 
is  stated  to  appear  the  earliest,  while  the  latter,  as  in  the  Oligochaeta, 
first  takes  its  origin  on  the  ventral  side. 

A  delicate  musculature,  formed  mainly  of  transverse  but  also  of  longi- 
tudinal fibres,  would  appear  to  be  developed  independently  of  the  meso- 
blastic bands  in  Nephelis  and  Hinido  (Rathke,  Leuckart,  Robin,  and 
Btttschli).  It  develops  apparently  from  certain  stellate  cells  which  are 
fbund  between  the  walls  of  the  alimentary  tract  and  the  skin,  and  which 
probably  correspond  to  the  system  of  contractile  fibres  which  pass  from 
the  body  wall  to  the  alimentary  tract  through  the  segmentation  cavity  in 
the  larva  of  Chtetopoda,  various  Vermes  and  Mollusca'. 

The  mesoblast,  so  far  as  is  known,  gives  rise,  in  addition  to  the 
parts  already  mentioned,  to  the  excretory  organs,  generative  organs, 
vascular  system,  etc 

>  According  to  Robin  this  system  of  muscles  becomes  gradually  strengthened  and 
converted  into  the  permanent  system.  Bathke  on  the  other  hand  states  that  it  is 
provisional,  and  that  it  is  replaced  hy  the  muscles  developed  from  the  mesoblastic 
somites.  It  is  possible  to  suppose  that  it  may  reaUy  become  incorporated  in  the  latter 
BVBtem. 

19—2 
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DEVELOPMENT  OF  ORGANS. 


Excretory  organs.  There  are  found  in  the  embryo  of  Nepbclis 
and  Hinidu  certain  rcmorkahle  proviainnal  excretory  organs  the  origia 
and  history  of  which  is  not  yet  fully  made  out.  In  Nephelis  they 
appear  as  one  (according  to  Robin,  No.  364),  or  (according  to  Butscbli, 
No.  359)  aa  two  successive  pairs  of  convoluted  tubes  on  the  dorsal 
side  of  the  embryo,  which  are  stated  by  the  latter  author  to  develop 
from  the  scattered  meaoblost  cells  underneath  the  skin.  At  their 
fullest  development  they  extend,  accordiog  to  Robin,  from  close  to  the 
head  to  near  the  ventral  sucker.  Each  of  them  is  U-sliaped,  with  the 
open  end  forwards,  each  limb  of  the  U  being  formed  by  two  tubes 
uuit«d  in  front  No  external  opening  has  been  clearly  made  out. 
Semper  believed  that  the  tubes  were  continuous  with  the  three 
posterior  vitelline  cells,  but  this  has  been  shewn  not  to  be  the  case. 
Flirbringer'  is  iuclined  from  his  own  researches  to  believe  that  they 
open  laterally.     They  contain  a  clear  fluid. 

In  Hirudo,  Leuckart  (No.  363}  has  described  three  similar  purs 
of  organs  the  structure  of  which  he  has  fully  elucidated.  They  are 
situated  in  the  posterior  part  of  the  l>ody,  and  each  of  them  com- 
mences with  an  enlargement  from  which  a  convoluted  tnbe  is  con- 
tinued for  some  distance  backwards;  it  then  turns  forwards  again  and 
afterwards  bends  upon  itself  to  open  to  the  exterior.  The  anterior 
part  is  broken  up  into  a  kind  of  labyrinthic  network. 

The  true  segmental  oi^ns  are  found  in  a  certain  number  of  the 
segments  and  are  stated  (Whitman)  to  develop  from  groups  of  meso- 
blast  cells.     Their  origin  requires  however  further  investigation. 

A  double  row  of  colnssnl  cells  on  ea«h  side  of  the  body  has  been 
iloecnUid  id  ClejisLiie  hy  WLitmaTi  as  derived  from  the  [nesobloKtic  plates. 
These  cells  (tijj.  58  B),  which  he  calls  Bt^iueiit-cella,  Me  oppoaite  the  walls  of 
the  septa.  The  inner  row  is  stated  to  be  connected  with  the  segmental 
iirguns.  Their  eventual  history  is  unknown,  but  they  are  conjectured 
by  Whitman  to  be  the  mother  celU  of  the  testes. 

Tlie  alimetltaiy  tract.  This  is  formed  primitively  of  two  parta — 
the  epiblastic  stoniodsenm — forming  mouth,  pharynx,  and  cesophagua, 
and  the  hypoblastic  meseutorou.  The  anus  is  formed  very  late  a«  a 
simple  perforation  immediately  dorsal  to  the  posterior  sucker. 

In  Clepsiue,  where  there  is  an  epibolic  gastrula,  the  rudiment  of 
the  mesenterou  la  at  lir»t  formed  of  the  three  vitelline  spherea, 
from  the  surface  of  which  a  true  hypoltlnslic  layer  enclosing  a  ct^'ntral 
yolk  in;ias  becomes  ditfercn tinted,  as  alreaily  described.  The  mesen- 
teric sack  so  formed  is  constricted  by  the  growth  of  the  nicsoblastic 
septa  into  a  series  of  lobes,  while  the  posterior  part  forms  a  narrow 
and  at  first  very  short  tube  opening  by  the  anus. 

The  lobed  region  forms  the  sacculated  stomach  of  the  adult.  The 
sacculations  of  the  stomach  by  tbeir  mode  of  origin  necessarily  corre- 
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spond  with  the  segments.  In  the  adult  however  the  anterior  lobe  is 
really  double  and  has  two  divisions  for  the  two  segments  it  fills,  while 
the  posterior  lobe,  which,  as  is  well  known,  extends  backwards  parallel 
with  the  rectum,  is  composed  of  five  segmental  sacculations.  In 
connection  with  the  stomodseum  a  protrusible  pharynx  is  developed. 
In  Hirudo  and  Nephelis  the  mesenteron  has  from  the  first  a 
sack-like  form.  The  cells  which  compose  the  sack  give  rise  to 
a  secondary  deposit  of  fbod-yolk.  The  further  changes  are  practically 
the  same  as  in  Clepsine.  In  Hirudo  the  posterior  sacculation  of  the 
stomach  is  primitively  unpaired.  The  jaws  are  formed  at  about  the 
same  time  as  the  eyes  as  protuberances  on  the  wall  of  the  oral  cavity. 
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CHAPTER  XIV. 


GEPHYREA*. 

It  is  convenient  for  the  purposes  of  embryology  to  divide  tlie 
Gephyrea  into  two  groups,  viz.  (1)  Gephyrea  nuda  or  true  Gephjiea ; 
and  (2;  Gephyrea  tubicoia  formed  by  the  genus  Phoronis. 

Gephyrea  nuda. 
Segmentation  and  formation  of  the  layers. 

An  embolic  or  epibolic  gastrula  is  characteristic  of  the  Gephyre:i, 
and  the  blastopore  appears,  in  some  cases  at  any  rate  (Phascolosonia, 
Thidassema),  to  become  the  mouth. 

Bonellia.  In  Bonellia  (Spengel,  No.  370)  the  sejif mentation  is  un- 
equal but  c(miplete,  and,  as  in  many  Molluscs  etc.,  the  ovum  exhibits 
before  its  commencement  a  distinction  into  a  protoplasmic  and  a  yolk 
pole.  The  ovum  first  divides  into  four  eijual  segments,  each  of  them 
formed  of  the  same  constituents  as  the  original  ovum.  At  the  animal 
p>lc  four  small  cells,  entirely  fonned  of  j)rotoplasm,  are  next  fonned 
by  an  etjuatorial  furrow.  They  soon  place  themselves  in  the  inter\'als 
between  the  large  spheres.  Four  small  cells  are  again  budded  off  from 
the  largi*  .sj)lieres  and  the  eight  small  cells  then  divide.  By  a  further 
contimiation  of  the  divi.sion  of  the  existing  small  cells,  and  the  forma- 
tion of  fn^sh  ones  from  the  large  spheres,  a  layer  of  small  cells  is 
eventually  formed,  which  completely  enveloj)S  the  four  large  spheres 
exce])t  for  a  small  bhu^toixire  at  the  vegetative  ]>ole  of  the  ovum  (fig. 
IGO  A).  The  large  spheres  continue  to  give  rise  to  smaller  cells  which 
howev4T  no  longer  take  a  superficial  position  but  lie  within  the  layer 
of  small  cells,  and  give  rise  to  the  hypoblast  (fig.  160  B).  The 
small    cells  become  the    ej)ibl{vst,  and  at  the   blastopore  they   curl 

*  Tilt'  following  Hchemc  sbcwB  the  classification  of  the  (tephyrea  adopted  in  the 
prewnt  fhai>ter:-- 

I.    Gephyrea  nuda.  {[.]j   ^J^'r^^Za. 
II.   Gephyrea  tnbicola  (I'horouiii). 


iiiwanls  (fiw.  IfiO  Bi  aiiit  ijive  rise  tn  a  livyer  of  cell;;,  whirli  ajiptiirK  to 
extend  a.s  an  unbruken  sheet  between  the  epibhist  and  hypoblast,  and 


t 


Jlcir  &|>tln(ei.) 

A.  SUge  when  the  fonr  h7publa«l  cells  are  nearl;  encltmed. 

B.  BU^e  after  the  forQinCioa  of  the  raesublasl  bk%  commenced  lij  an  inloldiug  of 
the  lijia  of  &e  bUutopore. 

tp.  epiblaat;  me,  mesoblaBt;  bl.  bUatopore. 
to  form  the  meaoblast.   The  blastopore  now  closes  up,  but  its  position 
in  relation  to  the  parts  of  the  embryo  has  not  been  madu  out. 

In  Phascoloaoma  (Sulenka,  No.  369)  the  ovum,  enclosed  in  a  porous 
zona  radiata,  divides  into  two  une<]uat  spheres,  of  which  the  smaller 
next  divides  into  two  and  then  into  four.  An  invagination  takes 
place  which  is  intermediate  between  the  embolic  and  the  epibolic  types. 
The  small  cells,  the  number  of  which  is  increased  by  additions  from 
the  large  sphere,  divide,  and  grow  round  the  large  sphere.  The  latter 
in  the  meantime  also  divides,  and  the  cells  produced  from  it  form  on 
the  oue  hand  a  small  sack  which  opens  by  the  blastopore,  and  on  the 
other  they  fill  up  the  segmentation  cavity,  and  become  the  mesoblast 
and  blood  corpuscles.   The  blastopore  becomes  the  permanent  mouth. 

Larval  forms  and  development  of  organs. 

Amongst  the  Gephyrea  inermia  the  lar\-ft  has  as  a  rule  (Thalas- 
sema,  Echiurus)  the  characters  of  a  trochosphere,  and  closely  ap- 
proaches the  typical  form  characteristic  of  the  larva  of  Folygordius, 
often  known  as  Lov^n's  larva.  In  BonelHa  this  larval  form  is  leas 
perfectly  preserved. 

Echiums.  In  Echiurus  (Salensky,  No.  368)  the  youngest  known 
larva  has  all  the  typical  trochosphere  characters  (tig.  161).  It  is 
covert^d  with  cilia  nnd  divided  into  a  pne-oral  lobe  and  post-oral  region 
of  nearly  equal  dimensions.  There  ia  a  double  ciliated  ring  which 
separates  the  two  sections  of  the  body  as  in  the  larva  of  Polygordius: 
the  mouth  (m)  opens  between  its  two  elements.  The  alimentary 
canal  is  divided  into  a  stomodieum  with  a  ventral  opening,  a  large 
stomach,  and  a  short  inlestine  opening  by  a  terminal  anus  (an). 
Connecting  the  teaophagus  with  the  apex  of  the  pnti-oral  lobe  ia  the 
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usual  contractile  band,  ftiid  at  the  iiiBertion  of  this  band  is  a  thicken- 
ing of  the  epiblast  which  probably  represents  the  rudiment  of  the 
pupr&- oesophageal  ganglion.  A  ventjal  nerve  cord  is  stated  by  Salenaky 
to  be  preseut,  but  hia  obeervatious  on  tbia  point  are  not  quit«  satia- 
factory. 

The  metamorphosis  is  accompanied  by  the  loaa  of  swimming 
power,  and  consists  ia  the  enlargement  of  the  poat-oral  portion  of 
the  tniuk,  and  in  the  simultaneous  reduction  of  the  pra?-oral  lobe, 
which  remains  however  permanently  as  the  cylindrical  proboscis,  A 
groove  which  terminates  jiosteriorly  at  the  mouth  is  very  early  formed 
on  its  ventral  side.  The  ciliated  rings  gradually  disappear  durii^  the 
metamorphosis. 

Of  the  further  external  changes  the  most  important  are  (1)  the 
early  appearance  round  the  anal  end  of  the  body  of  a  ring  of  bristles ; 
and  (2)  the  appearance  of  a 
pair  of  ventral  setie  in  the 
anterior  part  of  the  body.  The 
anterior  ring  of  bristles  charac- 
teristic of  tne  adult  Echiurus 
dues  not  appear  tiU  a  tate 
period. 

Of  the  internal  changes  the 
earliest  is  the  formation  of  the 
anal  respiratory  sacks.  With 
the  growth  of  the  posterior  part 
of  the  trunk  the  intestine  elon- 
g:it«H,  and  becomes  coiled. 

Bonellia.  The  embryo  of 
Bouellia,  while  still  within  the 
egg,  retains  a  spherical  form 
and  acquires  an  equatorial  band 
of  cilia,  behind  which  a  second 
narrower  band  is  soon  establish- 
ed, while  in  front  of  the  first  one  a  pair  of  eye-spots  becomes  formed 
(fig.  162  A).  The  embryo  on  becoming  hatched  rapidly  elongates, 
while  at  the  same  time  it  becomes  dorso-ventrally  flattened  and  ao- 
<piires  a  complete  coating  of  cilia  (fig.  162  B).  According  to  Spengel 
it  resembles  at  this  time  in  its  form  and  habits  a  rhabdoccelous  Tur- 
hellarian.  The  anterior  part  is  however  somewhat  swollen  and  pre- 
senlB  an  indication  of  a  pne-oral  lobe. 

During  the  above  change  important  advances  are  made  in  the  formation 
of  the  orgHUB  frotu  the  embryonic  layers. 

The  epiblaHt  acquires  a  superfidal  cuticula,  which  is  perhajiB  directly 
derived  from  the  vitelline  membrane.  The  nervous  Byeteni  ir  aiaofcrmed, 
|>rDbal>Iy  from  the  ppiblast.  The  baml-like  Bupra-tesopIiHgenl  ganglion 
is  the  first  part  of  the  ncrvooH  system  forme<!,  and  Hp]>eBrfi  to  be  nn- 
doubtedly  derived  from  the  epibla^.  The  ventral  con)  arineB  Homewhat 
later,  but  the  fimt  dtagen  in  its  development  have  not  boon  Mtiirfart'irily 


Fio.  161.     LiiifA  or  K.r 
(After  Ualennky.) 
n.    TDonth;    an.    anDB;    ig. 
pli*gekl  gmnglion  \,1). 


tnuwcL      tt  is  coutinuotis  with  the  mprar^Mophageal  band  which  oran- 
pletelj  girths  the  oesophogua  without  exhibiting  on;  ■pecial  dotsol  «aUrge- 


Fm,  163.     Thbbi  stiors  in  rak  dmtblofiuri  oi  Borii.lu.    (After  BpeDgel.) 

A.  IiBTTa  with  two  ciliated  bviilB  uid  two  eje-ipots. 

B.  Bipe  Urra  from  the  don«]  inrface. 

C.  Yonng  female  Booellis  hrom  the  side. 

al.  ftlimcntaiy  tTMt ;   m.  month;   le.  proTiaionil  ezoretoiy  tnbs;   *.  Tential  hook; 


ment.  After  the  ventral  cord  has  become  completely  separated  from  the 
epiblast  a  central  fibrous  moss  becomes  differentiated  in  it,  while  the  lateral 
parts  are  composed  of  ganglion  cells.  In  the  arrangement  of  its  cells  it 
presents  indications  of  being  comp<»ed  of  two  lateral  halves.  It  is, 
however,  without  ganglionic  swellings. 

The  mesoblast,  though  at  first  very  thin,  soon  exhibits  a  diflerenttatioD 
into  a  splanchnic  and  somatic  ,lajer — though  the  two  do  not  become 
distinctly  separated  by  a  body  cavity.  The  somatic  layer  rapidly  becomes 
thicker,  and  enlarges  latendly  to  form  two  bands  united  dorsally  and 
ventrally  by  narrow,  thinner  bands.  The  outermost  parts  of  each  of  these 
hands  become  differentiated  into  an  external  circular  and  an  internal 
longitudinal  layer  of  muscle*.  In  the  pne-oial  lobe  the  mesoblaet  assumes 
a  somewhat  vacuolated  character. 

The  hypoblast  cells  form  a  complete  layer  round  the  four  yolk  ceUs 
from  which  they  arise  (fig.  162  B,  al),  but  at  first  no  alimentary  lumen  is 
developed.  The  cesophagus  appears  during  this  period  as  an,  at  first 
solid,  but  subsequently  hollow,  outgrowth  of  the  hypoblast  towards  the 
npiblast. 

The  metamorphoBis  of  the  larva  into  tbe  adult  female  Bonellia 
commences  with  the  conversion  of  many  of  the  indifferent  mesoblast 
cells  into  blood  corpuscles,  and  the  introduction  into  the  body  cavity 
of  a  laive  amount  of  fluid,  which  separates  the  splanchnic  ana 
somatic  kyers  of  mesoblast.  The  fluid  is  believed  by  Spengel  to  be 
sea-water,  introduced  by  two  anal  pouches,  the  development  of  which 
is  descrilied  below. 


298  LARVAL  FORMS. 

The  body  cavity  is  lined  by  a  peritoneum,  and  very  soon  distinct 
vessel:),  formed  by  folds  of  the  peritoneum,  become  established.  Of 
these  there  are  three  trunks,  two  lateral  and  a  median  in  the  pne-oral 
lobe  (proboscis),  and  in  the  body  a  ventral  trunk  above  the  nerve 
cord,  and  an  intestinal  trunk  opening  anteriorly  into  the  ventral  one. 
The  vessels  appear  to  communicate  with  the  body  cavity. 

In  the  course  of  the  above  changes  the  two  ciliated  bands  dis- 
appear, the  hinder  one  first.  The  cilia  covering  the  general  surface 
become  atrophied,  w^th  the  exception  of  those  on  the  ventral  side  of 
the  prae-oral  lobe.  The  latter  structure  becomes  more  prominent;  the 
stellate  mesoblast  cells,  which  fill  up  its  interior,  become  contractile, 
and  it  gives  rise  to  the  proboscis  (fig.  162  C). 

At  the  point  where  the  oesophageal  protuberance  joined  the  epiblast  at 
a  previous  stage  the  mouth  becomes  established  (fig.  1 62  C,  m),  and  though 
it  is  formed  subsequently  to  the  atrophy  of  the  anterior  ciliated  band,  yet 
there  is  evidence  that  it  is  potentially  situated  behind  tliis  band.  The  lumen 
of  the  alimentary  canal  becomes  established  by  the  absorption  of  the 
remains  of  the  four  central  cells.  The  anus  is  formed  on  the  ventral  side 
of  the  posterior  end  of  the  body,  and  close  to  it  the  pouches  already  noticed 
grow  out  from  tlie  hindermost  |)art  of  the  alimentary  tract  (fig.  162  C,  a?i.r). 
They  are  at  first  simple  blind  pouches,  but  subsequently  open  into  the 
body  cavity  *.  They  become  the  anal  pouches  of  the  adult.  There  is  present 
when  the  mouth  is  first  formed  a  fieculiar  process  of  the  alimentary  tract 
projecting  into  the  prae-oral  lobe,  which  app<^ai's  to  atrophy  shortly  after- 
wanls. 

After  the  formation  of  the  mouth,  there  are  formed  on  the  ventral 
side  of  and  slightly  behind  it  (1)  anteriorly  a  fmir  of  tuWs,  which  appear 
to  be  provisional  excretory  organs  and  soon  disappear  (^ft,.  162  C,  «c) ; 
and  (2)  l>ehind  them  a  pair  of  bristles  (s)  which  remain  in  the  adult  Tlie 
formation  of  the  i)ermanent  excretory  (?)  organ  (oviduct  and  uterus) 
has  not  been  followed  out.  The  ovary  appears  very  early  as  a  differentia- 
tion of  the  epithelium  lining  the  ventral  vessel. 

The  larva*,  which  l)ecome  the  minute  parasitic  males,  undergo  a 
very  different  and  far  less  complete  metamorphosis  than  thase  which 
become  females.  They  attach  themselves  to  the  proboscis  of  an  adult 
female,  and  lose  their  ciliated  bands.  Germinal  cells  make  their 
appearance  in  the  mesoblast,  which  fonn  spherical  masses,  and,  like 
the  germinal  balls  in  the  female  ovary,  consist  of  a  central  cell,  and  an 
epithelium  around  it.  The  central  cell  becomes  very  large,  while  the 
peripheral  cells  give  rise  to  the  sjKirmatozoa.  A  IxnJy  cavity  becomes 
developed  in  the  larva*,  into  which  the  spermatic  balls  are  dehisced. 
Neither  mouth  nor  anus  is  formed.  The  further  changes  have  not 
been  followed  out. 

The  larval  males  make  their  way  into  the  oesophagus  of  the 
femalr,   where   they  no   doubt   live   for   some   time,   and   probably 

*  The  fact  tliM  tlie^e  i)ouchrH  aro  oatgrowths  of  the  alimentary  tract  appears  to 
IihtIiuU*  tbo  ]K>HHihility  of  their  Iteing  liuiiiologouH  with  excretory  tul>ca  of  the  Platy. 
eliuiiitlic>tt  and  Kotifcra. 
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become  mature,  though  the  seminal  pouch  of  the  adult  is  not  found 
in  many  of  the  males  living  in  the  oesophagus.  When  mature  the 
males  leave  the  oesophagus,  and  pass  into  the  uterus. 

Fhascolosoma.  Cilia  appear  in  Phascolosoma  (Selenka.  No.  369) 
while  the  ovum  is  still  segmenting.  After  segmentation  they  form 
a  definite  band  immediately  behind  the  mouth,  which  divides  the 
larva  into  two  hemispheres — a  pra?-oral  and  a  post-oral.  A  prse-oral 
band  of  cilia  is  soon  formed  close  to  the  post-oral  band,  and  at  the 
apex  of  the  prde-oral  lobe  a  tuft  of  cilia  also  appears. 

The  larva  has  now  the  characters  of  a  trochosphere,  but  differs 
from  the  typical  trochosphere  in  the  post-oral  part  of  the  ciliated 
e(}uatorial  ring  being  more  important  than  the  prse-oral,  and  in  the 
absence  of  an  anus. 

The  metamorphosis  commences  very  early.  The  trunk  rapidly 
elongates,  and  the  prse-oral  lobe  becomes  relatively  less  and  less  con- 
spicuous.    The  zona  radiata  becomes  the  larval  cuticle. 

Three  pairs  of  bristles  are  formed  on  the  trunk,  of  which  the 
posterior  pair  appears  first,  then  the  anterior,  and  finally  the  middle 
pair :  an  order  of  succession  which  clearly  proves  they  can  have  no 
connection  with  a  true  segmentation. 

The  tentacles  become  developed  between  the  two  parts  of  the 
ciliated  rings,  and  finally  the  pme-oral  lobe,  unlike  what  takes  place  in 
the  Qephyrea  armata,  nearly  completely  vanishes. 

The  anus  appears  fairly  late  on  the  dorsal  surface,  and  the 
ventral  nerve  cord  is  established  as  an  unganglionated  thickening  of 
the  ventral  epiblast. 

Oephyrea  tubicola. 

The  larva  of  Phoronis  was  known  as  Actinotrocha  lon^  before 
its  connection  with  Phoronis  was  established  by  KowaJevsky  (No. 
372).  There  is  a  complete  segmentation  leading  to  the  formation 
of  a  blsistosphere,  which  is  followed  by  an  invagination,  the  opening 
of  which  is  said  by  Kowalevsky  to  remain  as  the  mouths  It  is  at 
first  terminal,  but  on  the  development  of  a  large  pne-oraJ  lobe  it 
assumes  a  ventral  position.  The  anus  is  formed  at  a  later  period  at 
the  posterior  end  of  the  body. 

The  youngest  free  larva  observed  by  Metschnikoff  (No.  373)  was 
less  developed  than  the  oldest  larva  found  by  Kowalevsky.  It  pro- 
bably belongs  to  a  different  species.  The  body  is  uniformly  ciliated 
(fig.  163  A).  There  is  a  large  contractile  prae-oral  lobe,  and  the  body 
ends  behind  in  two  processes.  The  mouth  (m)  is  ventral,  and  the 
anus  {an)  dorsal,  and  not  terminal  as  in  Kowalevsky's  larva. 

The  alimentary  tract  is  divided  into  stomodaeum,  stomach  and 
intestine.  The  two  processes  at  the  hind  end  of  the  body  are 
the  rudiments  of  the  first-formed  pair  of  the  arms  which  are  so 

1  KowalevRky  states  that  what  I  have  called  the  month  is  the  anus,  hut  his  sub- 
sequent descriptions  shew  that  he  has  transpoaed  the  month  and  anus  in  the  embryo, 
and  that  the  opening,  which  he  asserts  to  be  the  anna,  ia  in  wii<y  Uw  month. 
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characteristic  of  the  fully  developed  Actmotrocha.  A  second  pair  of 
arms  aext  become  established  on  the  dorsal  aide  of  the  previously 
existing  pair,  and  the  region  where  the  anus  is  placed  grows  out  as 
a  special  process.  New  pairs  of  arms  continue  to  be  formed  in 
succession  dorsalwards  and  forwards,  and  soon  constitute  a  compUte 
oblique  post-oral  ring  (fig.  163  B),  They  are  covered  by  long  cilia. 
Round  the  anal  process  a  very  conspicuous  ciliated  ring  also  becomes 
establiRhed. 

At  the  period  when  five  pairs  of  arms  are  present  a  delicate  mombrane 
becomes  visible  on  the  ventral  side  of  the  inteatiae  wbicb  joiiia  the  BOmatic 
roeaoblost  anteriorly.  This  membrane  is  the  rudiment  of  the  future  ventral 
vessal.  The  eomatic  mesoblaat  is  present  even  befoi'e  this  period  as  a 
ilelicato  layer  of  circular  muscular  fibres. 


Fill.  I(tn.     A  HEniES  or  BTAaRS  is  tiir  nEVELOPHKNT  nr  PnonnNi*  rBOM  J 
AcTiMnTRociii,      (After  Mftaclinilinir.) 

A,  Tonng  larvs. 

B.  Larva  mlUi  the  tannatian  ot  povtorsl  ring  of  tontBcles. 
0.    IiMTB  with  onnimeiiciDg  iuvBginHiicin  to  fnno  the  body  nf  Phorooi*.  1 
l>.    InnigliiKtioD  partiallj  trtetXeA, 
R.     InTiigiiifttion  oompletelj  everteil. 

Bi.  monlh:  >rn,  ■nua;  iV,  inTaftiiiBticiii  tn  fnmi  Ibn  body  o(  Fhoron 
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When  six  pairs  of  arms  have  become  formed  an  involution  (fig. 
163  C,  iv)  appears  on  the  ventral  side,  immediately  behind  the  ring 
of  arms.  This  involution  consists  both  of  the  epiblast  and  somatic 
mesoblsist  It  grows  inwards  towards  the  intestine,  and,  increasing 
greatly  in  length,  becomes  at  the  same  time  much  folded. 

When  it  has  reached  its  full  development  the  critical  period  of 
the  metamorphosis  of  Actinotrocha  into  Phoronis  is  reached,  and  is 
completed  in  about  a  quarter  of  an  hour.  The  ventral  involution 
becomes  evoluted  (fig.  163  D),  just  .as  one  might  turn  out  the  finger 
of  a  glove  which  had  been  pulled  inwards.  When  the  involution  has 
been  to  a  certain  extent  everted,  the  alimentary  canal  passes  into  it,  and 
at  the  same  time  the  body  of  the  larva  becomes  violently  contracted. 
By  the  time  the  evagination  is  completed  it  forms  (fig.  162  E)  a  lone 
conical  body,  containing  the  greater  part  of  the  alimentary  tract,  and 
constituting  the  body  of  the  young  Phoronis,  The  original  anal  process 
remains  on  the  dorsal  side  as  a  small  papilla  (fig.  162  £,  an). 

While  these  changes  have  been  taking  place  the  prse-oral  lobe  has 
become  much  contracted,  and  partly  withdrawn  into  the  stomodaeum. 
At  the  same  time  the  arms  have  become  bent  forward,  so  as  to  form 
a  ring  round  the  mouth.  Their  bases  become  much  thickened.  The 
metamorphosis  is  completed  by  the  entire  withdrawal  of  the  prae- 
oral  lobe  within  the  cesophagiis,  and  by  the  casting  off  of  the 
ends  of  the  arms,  their  bases  remaining  as  the  circumoral  ring  of 
tentacles,  which  form  however  a  lophophore  rather  than  a  complete 
ring.  The  perianal  ring  of  cilia  is  also  thrown  off,  and  the  anal  pro- 
cess withdrawn  into  the  body  of  the  young  Phoronis.  There  are  now 
three  longitudinal  vascular  trunks,  united  anteriorly  by  a  circular 
vessel  which  is  prolonged  into  the  tentacles. 

Genei'al  Considerations, 

The  development  of  Phoronis  is  so  different  from  that  of  the  other 
Gephyrea  that  further  investigations  are  required  to  shew  whether 
Phoronis  is  a  true  Gephyrean.  Apart  from  its  peculiar  metamorphosis 
Actinotrocha  is  a  very  interesting  larval  form,  in  that  it  is  without  a 
prae-oral  ciliated  ring,  and  that  the  tentacles  of  the  adult  are  derived 
from  a  true  post-oral  ring,  prolonged  into  arm-like  processes. 

ITie  other  Gephyrea  present  in  their  development  an  obvious 
similarity  to  the  normal  Chiietopoda,  but  their  development  stops 
short  of  that  of  the  Chtetopoda,  in  that  they  are  clearly  without  any 
indications  of  a  true  segmentation.  In  the  face  of  what  is  known  of 
their  development  it  is  hardly  credible  that  they  can  represent  a 
degenerate  Chaitopod  phylum  in  which  segmentation  has  become  lost. 
Further  than  this  the  Gephyrea  armata  seem  in  one  respect  to  be  a 
very  primitive  type  in  that  they  retain  through  life  a  well-developed 
pray-oral  lobe,  which  constitutes  their  proboscis.  In  almost  all  other 
forms,  except  Balanoglossus,  the  larval  praj-oral  lobe  becomes  reduced 
to  a  relatively  insignificant  anterior  part  of  the  head. 
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CHAPTER   XV. 


CH^TOGNATHA,  MYZOSTOMEA  AND  GASTROTRICHA. 

The  present  chapter  deals  with  three  amall  isolated  groups,  which 
only  resemble  each  other  in  that  the  sjateniatic  position  of  all  of 
them  is  e<iuallj  obsiiure. 

Chtetognatha. 
The  discoveries  of  Kowalevsky  (No.  378)  confinaed  by  Biitschli 
(No.  376)  with  reference  to  the  development  of  Sagitta,  though  they 
have  not  brought  \\s  nearer  to  a  knowledge  of  the  systematic  position 
of  this  remarkable  form,  are  nevertheless  of  great  value  for  the  more 
general  problems  of  embryology.  The  development  commences  after 
the.  eggs  are  laid.  The  segmentation  is  uniform,  and  a  blastosphere, 
formed  of  a  single  layer  of  columnar  cells,  is  the  product  of  it.  An  in- 
vagination takes  place,  the  opening  of  which  narrows  to  a  blastopore 


fm.  164.    Tui 

B  after  Kowftlevakj,)    Tbe  three  embrjoa 
A.    The  gastrula  stoee. 

IB.    A  BnoceediDg  ntage  in  whiob  the  primitive  archenteron  is  commencing  to  be 
divided  into  three  parta,  the  two  lateral  of  which  are  destined  to  form  the  body  cavity. 
C.    A  Uter  Btage  in  which  the  mouth  involution  (n)  has  become  ountiDDtnu  with 
the  alimentary  traol,  and  the  bUstopore  hae  become  closed, 
m.  month:  al.  alimentary  canal;  at.  archenteron  ;  hl.p.  blastopore:  pv.  perivinceral 
cavity;   tp.  Bplanchnopleiiric  raonnblasl:   m.  somatopleuric  meBoblasti  g/.  fjenerntive 
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situated  at  the  pole  of  the  embryo  opposite  that  at  which  the 
mouth  subsequently  appears  (fig.  164  A).  The  simple  archenteron 
BuoQ  becomes  anteriorly  divided  into  three  lobes,  which  cummunicate 
freely  with  the  still  single  cavity  behind  (fig.  16*  B).  The  two 
lateml  lobes  are  destined  to  form  the  body  cavity,  and  the  median 
lobe  the  alimentary  tract  of  the  adult  An  invagination  soon  aria^ 
at  the  opposite  pole  of  the  embryo  to  the  blastopore  and  forma  the 
mouth  and  oesophagus  (tig.  I(i4  B  and  C,  m). 

At  the  gastnila  stage  there  is  formed  a  paired  mass  destined  to 
give  rise  to  the  generative  organs.  It  arises  as  a  promiuence  of  six 
cells,  projecting  fri>m  the  hypoblast  at  the  anterior  pole  of  the  archen- 
teron, and  soon  separates  itself  as  a  mass,  or  probably  a  pair  of  massea, 
lying  freely  in  the  cavity  of  the  archenteron  (fig.  lti+  A,  ge).  When 
the  folding  of  the  primitive  cavity  takes  place  the  generative  rudi- 
ment is  situated  at  the  hind  end  of  the  median  lobe  of  the  archenteron 
in  the  position  represented  in  tig.  164  C,  ge. 

An  elongation  of  the  posterior  end  of  the  embryo  now  tftkes 
place,  and  the  embryo  becomes  coiled  up  in  the  e^,  and  when 
eventually  hatched  sufficiently  resembles  the  adult  to  be  recognisable 
as  a  young  Sagitta. 

Before  hatching  takes  place  various  important  changes  become 
manifest.  The  blastopore  disappears  after  being  carried  to  the  ventral 
surface.  The  middle  section  of  the  trilobed  region  of  the  archenteron  be- 
comes separated  from  the  unpaired  posterior  part,  and  forms  a  tube,  blind 
behind,  but  opening  in  front  by  the  mouth  {fig.  165  A,  n/).  It  constitutes 
the  permanent  alimentajy  tract, and  is  formed  of  a  pharyngeal  epiblastic 
invagination,  and  a  posterior  hypoblastic  sectionderivedfrom  the  primi- 
tive archenteron.  The  anus  is  apparently  not  formed  till  coropara* 
tively  lat«.  After  the  isolation  of  the  alimentary  tract  the  remainder 
of  the  archenteron  is  formed  of  two  cavities  in  front,  which  open 
freely  into  a  single  cavity  behind  (fig.  165  A),  The  whole  of  it  con- 
stitutes the  bodif  cavity  and  its  toatls  the  meaoblttst.  The  anterior 
paired  part  becomes  partitioned  off  into  a  head  section  and  a  trunk 
Beation  (fig.  165  A  and  B).  The  former  constitutes  a  pair  of  distinct 
cavities  (c.;w)  in  the  head,  and  the  latter  two  cavities  opening  freely  into 
the  unpaired  portion  behind.  At  the  junction  of  the  paired  cavities 
with  the  unpaired  cavity  are  situated  the  generative  organs  (ife). 
The  inner  wall  of  each  of  the  paired  cavities  forms  the  splanchno- 

Cleuric  mesublast,  and  the  outer  wall  of  the  whole  the  somatic  meso- 
last.  The  inner  walla  of  the  posterior  cavities  unite  above  and 
below  the  alimentary  tract,  and  form  the  dorsal  and  ventral  mesen- 
teries, which  divide  the  body  cavity  into  two  compartments  in  the 
aihdt.  Before  the  hatching  of  the  embryo  takes  place  this  mesentery 
is  continued  backwards  so  as  to  divide  the  primitively  unpaired 
caudal  part  of  the  body  cavity  in  the  same  way. 

From  the  somatic  mesoblaat  of  the  trunk  is  derived  the  single 
layer  of  longitudinal  muscles  of  Hagitta,  and  part  of  the  epithe- 
lioid   lining  of  the  body  cavity.     The  anterior  termination   of  the 
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trunk  division  of  th<;  body  cuvity  is  niark»d  in  tbe  adult  by  tlif 
meaentery  dividing  into  two  laiuiniv,  wliicli  bend  ontwards  to  juin  tiie 
body  wall. 

The  cephalic  section  of 
the  body  cavity  seems  to 
atrophy,  and  its  walls  to  be- 
come converted  into  the 
complicated  system  of  mus- 
cles present  in  the  heud  ut 
the  adult  Sagitta. 

In  the  presence  of  a  se'  - 
tion  of  the  body  cavity  in 
the  head  the  embryo  of  Su- 
gttta  resembles  LumbricuK, 
Spiderg,  etc. 

The  generative  rudi- 
ment of  each  side  divides 
into  &a  anterior  aad  a  [ 
terior  part  {fig.  165, 
The  fornier  constitutes  the 
ovary,  and  is  situated  in 
froat  of  the  septum  divid- 
ing the  tall  from  tbe;  budy ; 


S^aiTT^    A.  from  the  doraal  surface.     B.  from 
the  side.     (After  BtitBDhU.) 

outh;  III.  slinieiitiuy  oauiUi  v.g.  jea- 
tral  ganglion  ( thickening  of  epibl&Bt)!  r/i.  epi- 
blasl;  c.j/p.  cephBlio  seetioa  of  body  cavity;  lo. 
nomntopleure :  ap.  spUnchnopleare ;  ge.  e^iie- 
rative  orgBnH. 

ajid  the  latter,  in  the  caudal  region  of  the  trunk,  forms  the  testiH. 

The  nervous  system  originates  from  the  epiblast.  There  is  a 
ventral  thickening  {fig.  165  jB,  v.g)  in  tbe  anterior  region  of  the  trunk, 
and  a  dorsal  one  in  tbe  head.  The  two  are  at  first  conLiuuoua,  and 
OQ  becoming  separated  from  the  epiblast  remain  united  by  tbin  cords. 

Tbe  ventral  ganglion  is  far  more  prominent  during  embryonic  life 
than  in  the  adult.  Its  portion  and  early  prominence  in  the  embryo 
perhaps  indicate  that  it  is  the  homologue  of  the  ventral  cord  of 
Chifitopoda'. 
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Myzostomea. 
The  development  of   tb<^se    pnculinr    parasites   on   Crinoida  has  been 
'  inveatigated  by  MetscLnikoff  (No.    380),    Semper  (No.   381),    and    Gmff 
(No.  379). 

*  LangerliaOB  has  recently  made  tome  impottant  investigations  00  Ciie  nerroui 
.  l^Btem  of  Sagitta,  aud  identilieB  tile  ventral  ganglion  vith  the  parieto-gplanuhnie  gaugliu 
I   M  Molloaca,  while  he  has  found  a  pair  of  urw  ganglia,  the  deTclnpment  o(  which  is 

ttuknowD,  which  he  calls   the  HUbtEiophageal   or  pedal  gonglis.     The  embrjologiral 

(Mil  do  not  appear  to  lie  in  favonr  at  thcso  interpretation''. 
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The  segmentation  is  unequal,  and  would  appear  to  be  followed  by  an 
epibolic  invagination.  The  outer  layer  of  cells  (epiblast)  becomes  covered 
with  cilia,  and  the  inner  is  transformed  into  a  non-cellular  (1)  central 
yolk  masa  At  thin  stage  the  larva  is  batched,  and  commences  to  lead  a 
free  existence.  In  the  next  stage  observed  by  MetschnikofT,  the  mouth, 
oesophagus,  stomach,  and  anus  had  become  developed ;  and  two  pairs  of  feet 
were  present.  In  both  of  these  feet  Chtetopod-like  setae  were  present, 
which  in  the  hinder  pair  were  simple  fine  bristles  without  a  tenninal  hook. 
The  papilliform  portion  of  the  foot  is  at  first  undeveloped.  Tlie  feet  be- 
come successively  added,  like  Chsetopod  segments,  and  the  stomach  does 
not  become  dendriform  till  the  whole  complement  of  feet  (5  pairs)  are 
present. 

In  the  primitive  covering  of  cilia,  combined  with  a  subsequent  indica- 
tion of  segments  in  the  formation  of  the  feet  and  setse,  the  larva  of  the 
Myzostomea  shews  an  approximation  to  the  ChsBtopoda,  and  the  group 
is  probably  to  be  regarded  as  an  early  Chsetopod  type  specially  modified 
in  connection  with  its  parasitic  habits. 
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Gastrotricha. 

A  few  observations  of  Ludwig  on  the  winter  eggs  of  Ichthydium  larus 
shew  that  the  segmentation  is  a  total  and  apparently  a  regular  one.  It 
leads  to  the  formation  of  a  solid  morula.  The  embryo  has  a  ventral 
curvature,  and  the  caudal  forks  are  early  formed  as  cuticular  structures. 
By  the  time  the  embryo  leaves  the  egg,  it  has  almost  reached  the  adult 
state.     The  ventral  cilia  arise  some  little  time  prior  to  the  hatching. 
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NEMATELMINTHES  AND  ACA.NTHOCEPHALA. 


NeM  ATELMINTHES '. 

Nematoidea.  Although  the  ova  of  various  Nematodes  have  formed 
some  of  the  earliest,  as  well  as  the  most  frequent  objects  of  erabryologi- 
cal  observation,  their  development  is  still  but  very  imperfectly  known. 
Both  viviparous  and  oviparous  forms  are  common,  and  in  the  case  of 
the  oviparous  forms  the  eggs  are  usually  enveloped  in  a  hard  shell. 
The  segmentation  is  total  and  nearly  regular,  though  the  two  first 
segments  are  often  unequal.  The  relation  of  the  segmentation  spheres 
to  the  germinal  layers  is  however  only  satisfactorily  established 
(through  the  researches  of  Biitschli  (No.  383))  in  the  case  of  Cucullanus 
elegans,  a  form  parasitic  in  the  Perch*. 

The  early  development  of  this  embryo  takes  place  within  the  body 
of  the  parent,  and  the  egg  is  enveloped  in  a  delicate  membrane.  After 
the  completion  of  the  early  stages  of  segmentation  the  embryo  acquires 
the  form  of  a  thin  flat  plate  composed  of  two  layers  of  cells  (fig.  166 
A  and  B).  The  two  layers  of  this  plate  give  rise  respectively  to  the 
epiblast  and  hypoblsist,  and  at  a  certain  stage  the  hypoblastic  layer 
ceases  to  grow,  while  the  growth  of  the  epiblastic  layer  continues. 
As  a  consequence  of  this  the  sides  of  the  plate  begin  to  fold  over 
towards  the  side  of  the  hypoblast  (fig.  166  D).  This  folding  results  in 
the  formation  of  a  remarkably  constituted  gastnila,  which  has  the 
form  of  a  hollow  two-layered  cylinder  with  an  incompletely  closed 
slit  on  one  side  (fig.  166  E,  bl.p).  This  slit  has  the  value  of  a 
blastopore.     It  becomes  closed  by  the  coalescence  of  the  two  edges,  a 

1  The  foUowiug  classification  of  the  Nematoda  is  employed  in  this  chapter : 

Ascaridte. 
Strongylidffi. 
T     u^^^^^iA^^  <  Trichinidae.  H.    Qordioidea. 

I.   Nematoidea.  ]  piiarid®.  m.  Chatosomoidea. 

Mermithidie. 
AnguillolidaB. 

*  The  ova  of  AnguiUula  aoeti  are  stated  by  Hallez  to  undergo  a  similar  deTelopment 
to  those  of  Cucnllanas. 
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pTocet<8  wlii<;h  coiiimenceB  posteriorly,  aud  thtn  gnuluftlly  exlendfl  fiir- 
wards.    Id  front  the  blastopore  never  becomes  completely  closed,  biit 
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(From  BiitsohU.) 

A.  Sarface  vien  ot  AnUeaed  eiiibrj'D  nt  ui  earl;  stage  in  Ihe  ugmentotioD. 

B.  Side  view  of  an  embrjo  at  a  Romewhal  laler  ntnge,  in  optical  ■ection. 

C.  Flattened  embrja  at  the  oomplelion  or  HpguientatioD. 

D.  Eratn^o  at  the  commeDcemenl  of  the  HsitnilB  sta^, 

E.  Embryo  vhea  the  bUatopore  is  reduced  to  a  mere  slit. 
P.  Vermiform  embryo  alter  the  division  of  the  alimciitai^  tract  into  is 

Uld  glandular  diviaiona. 

m.  month;  ep.  epiblaet;  hy.  hypoblast;  mr.  metioblvit;  (r,  (pwphagai;  61.p>lil 

remains  as  the  pennanent  mouth.  The  embryo  after  these  changes 
has  a  worm-like  form,  which  becomes  the  more  obvious  as  it  grows  in 
length  and  becomes  curved  (fig.  166  F). 

The  hypoblast  of  the  embryo  ^ves  rise  to  the  alimentary  canal, 
and  800D  becomes  divided  into  an  a?sophi^eal  section  (fig.  160  F,  m) 
formed  of  granular  cells,  and  a  posterior  division  fonncil  of  clear 
cells.  The  mesoblast  (fig.  166,  me)  takes  its  origin  from  certain  special 
hypoblast  celts  around  the  mouth,  and  thence  grows  backwards 
towards  the  posterior  end  of  the  body. 

The  young  Cucullanus  becomes  hatched  while  still  in  the  genera- 
tive ducts  of  its  parent,  and  is  distinguished  by  the  presence  of* 
remarkable  thread-like  tail.  On  the  dorsal  surface  is  a  proTisional 
boring  apjMiratuB  in  the  form  of  a  conical  papilla.  A  firm  cuticle 
enveloping  the  body  is  already  present.  In  this  coudition  it  leaves 
its  parent  and  host,  and  leads  for  a  time  a  free  existence  in  tlie  wat«r. 
Its  metamorphosis  is  dealt  with  in  another  section. 

Tlie  ova  of  the  Oxyuridw  pamsilic  in  Inaectn  are  stattid  by  Ualeb 
(Ho.  ,^8A)  to  take  tlie  fnnii  iif  a  blostoHphitre  at  thp  clow  ai  se|niientation. 
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Au  inner  layer  w  then  formed  by  clelamination.  What  the  inner  layer 
gives  rise  to  is  not  clear,  since  the  whole  alimentary  canal  is  stated  to  be 
derived  from  two  buds,  which  arise  at  opposite  ends  of  the  body,  and 
grow  inwards  till  they  meet. 

The  generative  organs.    The  study  of  the  development  of  the 

generative  organs  of  Nematodes  has  led  to  some  interesting  results. 
In  the  case  of  hoth  sexes  the  generative  organs  originate  (Schneider, 
No.  390)  from  a  single  cell.  This  cell  elongates  and  its  nuclei  multiply. 
After  assuming  a  somewhat  columnar  form,  it  divides  into  (1)  a 
superficial  investing  layer,  and  (2)  an  axial  portion. 

In  the  female  the  superficial  layer  is  only  developed  distinctly  in 
the  median  part  of  the  column.  In  the  course  of  the  further 
development  the  two  ends  of  the  column  become  the  blind  ends  of 
the  ovary,  and  the  axial  tissue  they  contain  forms  the  germinal  tissue 
of  nucleated  protoplasm.  The  superficial  layer  gives  rise  to  the 
epithelium  of  the  uterus  and  oviduct.  The  germinal  tissue,  which  is 
originally  continuous,  is  interrupted  in  the  middle  part  (where  the 
superficial  hiyer  gives  rise  to  the  uterus  and  oviduct),  and  is  confined 
to  the  two  blind  extremities  of  the  tube. 

In  the  male  the  superficial  layer,  which  gives  rise  to  the  epi- 
thelium of  the  vas  deferens,  is  only  formed  at  the  hinder  end  of  the 
original  column.  In  other  respects  the  development  takes  place  as 
in  the  female. 

Oordioidea-  The  ovum  of  Gordius  undergoes  a  regular  segmentation. 
According  to  Villot  (No.  391 )  it  forms  at  the  close  of  segmentation  a  morula, 
which  becomes  two-layered  by  delamination.  The  embryo  is  at  first 
spherical,  but  soon  becomes  elongated. 

By  an  invagination  at  the  anterior  extremity  the  head  is  formed. 
It  consists  of  a  basal  portion,  armed  with  three  rings  of  stylets,  and  a 
conical  proboscis,  armed  with  three  large  stylets.  When  the  larva  becomes 
free  the  head  becomes  everted,  though  it  remains  retractile.  By  the  time 
the  embryo  is  hatched  a  complete  alimentary  tract  is  formed  wiUi  an  oral 
opening  at  the  end  of  the  proboscis,  and  a  subterminal  ventral  anal  opening. 
It  is  divided  into  an  oesophagus  and  stomach,  and  a  large  gland  opens  into 
it  at  the  base  of  the  proboscis. 

The  body  has  a  number  of  transverse  folds,  which  give  it  a  ringed 
apfK?arance. 

Metamorphosis  and  life  history. 

Nematoidea.  Although  a  large  number  of  Nematodes  have  a  free 
existence  and  simple  hfe  history,  yet  the  greater  number  of  knowTi 
genera  are  parasitic,  and  undergo  a  more  or  less  complicated  meta- 
morphosis*. According  to  this  metamorphosis  they  may  be  divided 
into  two  groups  (which  by  no  means  closely  correspond  with  the 
natural  divisions),  viz.  those  which  have  a  single  host,  and  those  with 
two  hosts.  Each  of  these  main  divisions  may  be  subdivided  again 
into  two. 

'  Tho  following  facts  are  mainly  derived  from  LoQckart*0  exhaustive  treatise  (No.  388). 
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In  the  first  group  with  one  host  the  simplest  cases  are  those  in 
which  the  adult  sexual  form  of  parasite  lays  its  eggs  in  the  alimentazy 
tract  of  its  host,  and  the  eggs  are  thence  transported  to  the  exterior. 
The  embryo  still  in  the  egg,  if  favoured  by  sufficient  warmth  and 
moisture,  completes  its  development  up  to  a  certain  point,  and,  if  then 
swallowed  by  an  individual  of  the  species  in  which  it  is  parasitic  in 
the  adult  condition,  it  is  denuded  of  its  shell  by  the  action  of  the 
gastric  juice,  and  develops  directly  into  the  sexual  form. 

Leuckart  has  experimentally  established  this  metamorpbosis  in  the 
case  of  Trichocephalus  affinis,  Oxyunis  ambigua,  and  Heterakis  vermiculari*. 
The  Oxyuridse  of  Blatta  and  Hydrophilus  have  a  similar  life  history 
(Galeb,  No.  386),  and  it  is  almost  certain  that  the  metamorphosis  of  the 
Jiuman  parasites,  Ascaris  lumbricoides  and  Oxyunis  vermicularis,  is  of  this 
nature. 

A  slightly  more  complicated  metamorphosis  is  common  in  the 
genera  Aicaris  and  Strongylus.  In  these  cases  the  egg-shell  is  thin, 
and  the  embryo  becomes  free  externally,  and  enjoys  for  a  shorter  or 
longer  period  a  free  existence  in  water  or  moist  earth.  During  this 
penod  it  grows  in  size,  and  though  not  sexual  usually  closely  resembles 
the  adult  form  of  the  permanently  free  genus  Rhabditis.  In  some 
cases  the  free  lar\'a  becomes  parasitic  in  a  freshwater  Mollusc,  but 
without  thereby  underg<nng  any  change.  It  eventually  enters  the 
alimentary  tract  of  its  proper  host  and  there  becomes  sexual 

As  examples  of  this  form  of  development  worked  out  by  Leuckart  may 
be  mentioned  Dochmius  trigonocephalu9y  ))arasitic  in  the  dog,  and  Ascaris 
acuminata,  in  the  frog.  Tlie  human  {)ara8ite  DochmiuH  duodenale  under- 
goes the  name  metamoq)hoHis  as  Dochmius  trigonocephalus. 

A  remarkable  modification  of  this  type  of  metamor{)hoHis  is  found  in 
Ascaris  (KbalKlonema)  nigrovenosa,  which  in  its  most  developed  condition 
is  parasitic  in  the  lungs  of  the  frog  (Metschnikoff,  L<'uckart,  Na  388). 
The  embryos  ptiss  through  their  first  developmental  phases  in  the  body  of 
the  parent.  They  have  the  typical  Hhabditis  form,  and  make  their  way 
after  birth  into  the  frog's  rectum.  From  this  thc?y  pass  to  the  exterior, 
and  then  living  either  in  moist  earth,  or  the  faeces  of  the  frog,  develop 
into  a  sexual  form,  but  are  very  much  smaller  than  in  the  adult  condition. 
The  sexes  are  distinct,  and  the  males  are  distinguished  from  the  females  by 
their  smaller  size,  shorter  and  rounded  tails,  and  thinner  bodies.  The 
females  have  {mired  ovaries  with  a  very  small  numln^r  of  eggs,  but  the 
testis  of  the  males  is  unpaired.  Impregnation  takes  place  in  the  usual  way, 
and  in  nummer  time  about  four  embryos  arc  develofK^d  in  each  female,  which 
noon  burht  their  egg-ca|>8ules,  and  then  move  freely  in  the  uterus.  Their 
active  movements  soon  burst  the  uterine  walls,  and  they  then  come  to  lie 
freely  in  the  body  cavity.  The  remaining  viscera  of  the  mother  are  next 
reduct»d  to  a  finely  granular  material,  which  serves  for  the  nutrition  of 
the  young  forms  which  continue  to  live  in  the  maternal  Hkin.  The  larvie 
eventually  become,  free,  and  though  in  many  re8j>ect8  difltjrent  from  the 
parent  fonn  which  gave  rise  to  them,  have  nevertheless  the  Rhabditis  form. 
They  live  in  water  or  slime,  and  sometimes  become  parasitic  in  watcr-snaihi; 
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in  neither  case  however  do  they  undergo  important  changes  unless  eventually 
swallowed  by  a  frog.  They  then  pass  down  the  trachea  into  the  lungs  and 
there  rapidly  develop  into  the  adult  form.  No  separate  males  have  been 
found  in  the  lungs  of  the  frog,  but  it  has  been  shewn  by  Schneider  (No.  390) 
that  the  so-called  females  are  really  hermaphrodites;  the  same  gland  giving 
origin  to  both  speiinatozoa  and  ova,  the  former  being  developed  before  the 
latter*.  The  remarkable  feature  of  the  above  life  history  is  the  fact  that  in 
the  stage  corresponding  with  the  free  larval  stage  of  the  previous  forms 
the  larvsB  of  this  species  become  sexual,  and  give  rise  to  a  second  free  larval 
generation,  which  develops  into  the  adult  form  on  again  becoming  parasitic 
in  the  original  host.  It  constitutes  a  somewhat  exceptional  case  of  hetero- 
gamy as  defined  in  the  introduction. 

.  Amongst  the  Nematodes  with  but  a  single  host  a  remarkable  parasite 
in  wheat  has  its  place.  This  form,  known  as  Anguillula  scandens,  inhabits 
in  the  adult  condition  the  ears  of  wheat,  in  which  it  lays  its  eggs.  After 
hatching,  the  larvse  become  encysted,  but  become  free  on  the  death  of  the 
plant.  They  now  inhabit  moist  earth,  but  eventually  make  their  way  into 
the  ears  of  the  young  wheat  and  become  sexually  mature. 

The  second  group  of  parasitic  Nematodes  with  two  hosts  may  be 
divided  into  two  groups,  according  to  whether  the  larva  has  a  free 
existence  before  passing  into  its  first  or  intermediate  host,  or  is  taken 
into  it  while  still  in  the  egg.  In  the  majority  of  cases  the  larval  forms 
live  in  special  connective  tissue  capsules,  or  sometimes  free  in  the 
tissues  of  their  intermediate  hosts ;  but  the  adults,  as  in  the  cases  of 
other  parasitic  Nematodes,  inhabit  the  alimentary  tract. 

The  life  history  of  Spiroptera  obtusa  may  be  cited  as  an  example  of  a 
Nematode  with  two  hosts  in  which  the  embryo  is  transpoi'ted  into  its 
intermediate  host  while  still  within  the  egg.  The  adult  of  this  form  is 
parasitic  in  the  mouse,  and  the  ova  pa&s  out  of  the  alimentary  tract  with  the 
excreta,  and  may  commonly  be  found  in  bams,  etc.  If  one  of  the  ova  is 
now  eaten  by  the  meal-worm  (larva  of  Tenebrio),  it  passes  into  the  body 
cavity  of  this  worm  and  undergoes  further  development.  After  about  five 
weeks  it  becomes  encapsuled  between  the  'fat  bodies'  of  the  meal-worm. 
It  then  undergoes  an  ecdysis,  and,  if  the  meal-worm  with  its  parasites  is  now 
eaten  by  the  mouse,  the  parasites  leave  their  capsule  and  develop  into  the 
sexual  form. 

As  examples  of  life  histories  in  which  a  free  state  intervenes  before 
the  intermediate  host,  Cucullanus  elegans  and  Dracunculus  may  be  se- 
lected. The  adult  Cucullanus  elegans  is  parasitic  in  the  alimentary  tract 
of  the  Perch  and  other  freshwater  fishes.  Tt  is  a  viviparous  form,  and  the 
young  after  birth  pass  out  into  the  water.  They  next  become  parasitic  in 
Cyclops,  passing  in  through  the  mouth,  so  into  the  alimentary  tract,  and 
thence  into  the  body  cavity.  They  soon  undergo  an  ecdysis,  in  the  course 
of  which  the  oesophagus  becomes  divided  into  a  muscular  pharynx  and  true 
glandular  oesophagus.  They  then  grow  rapidly  in  length,  and  at  a  second 
ecdysis  acquire  a  peculiar  beaker-like  mouth  cavity  approaching  that  of 
the  adult.     They  do  not  become  encapsuled.     No  further  development  of 

^  Lenckart  does  not  appear  to  be  satiRfied  as  to  the  hermaphroditism  of  these  forms ; 
and  holds  that  it  is  quite  possible  that  the  ova  may  develop  parthenogenetioally. 
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the  worm  takes  place  so  long  as  it  rema'ns  in  the  Cyclops,  but,  if  the  Cy- 
clops itt  now  swaJlowed  by  a  Perch,  the  worm  undergoes  a  fiirther  ecdyns, 
and  rapidly  attains  to  sexual  maturity. 

The  observations  of  Fedschenko  on  Dracunculus  medinensis',  which  is 
parasitic  in  the  subcutaneous  connective  tissue  in  Man,  would  seem  to  shew 
that  it  undergoes  a  metamorphosis  very  similar  to  that  of  Cucullanua. 
There  is  moreover  a  striking  resemblance  between  the  larv»  of  the  two 
forms.  The  larvie  of  Dracunculus  become  transported  into  water,  and  then 
make  their  way  into  the  body  cavity  of  a  Cyclops  by  boring  through 
the  soft  skin  between  the  segments  on  the  ventral  surface  of  the  body.  In 
the  body  cavity  the  larvw  undergo  an  ecdysis  and  further  development. 
But  on  reaching  a  certain  stage  of  development,  though  they  remain  a  long 
time  in  the  Cyclops,  they  grow  no  further.  The  remaining  history  is  unknown, 
but  probably  the  next  host  is  man,  in  which  the  larva  comes  to  maturity. 
In  the  adult  condition  only  females  of  Dracunculus  are  known,  and  it  has 
been  suggested  by  various  writers  that  the  apparent  females  are  in  reality 
hermaphroditCH,  like  Ascaris  nigrovenosa,  in  which  the  male  organs  come 
to  maturity  before  the  female. 

Another  very  remarkable  human  parasite  belonging  to  the  same  group 
as  Dracunculiui  is  the  form  known  as  Filaria  sanguinis  hominis,  or  Filaria 
Bancrofti*. 

The  sexual  form  is  parasitic  in  warm  climates  in  the  human  tissueii, 
and  produces  multitudes  of  larv»  which  pass  into  tlie  blood,  and  are  some- 
times voided  with  the  urine.  The  larvie  in  the  blood  do  not  undergo  a 
further  development,  and  unless  transported  to  an  intermediate  host  die 
before  very  long.  Some,  though  as  yet  hardly  sufficient,  evidence  has 
been  brought  forward  to  shew  that  if  the  blood  of  an  infected  |)atient  is 
sucked  by  a  mosquito  the  larvte  develop  further  in  the  alimentary  tract  of 
the  mosquito,  pass  through  a  more  or  less  (|uiescent  stage,  and  eventually 
grow  considerably  in  size,  and  on  the  death  of  the  mosquito  pass  into  the 
water.  From  the  water  they  are  probably  trans{)orted  directly  or  indirectly 
into  the  human  inU«tincs,  and  then  bore  their  way  into  the  tissues  in  which 
they  are  parasitic,  and  l>ecome  sexually  mature. 

Tlie  well-known  Trichina  npiralis  has  a  life  history  unlike  that  of  other 
known  Nematodes,  though  there  can  be  little  doubt  that  this  form  should 
be  classificMl  in  re8|XH;t  to  its  life  history  with  the  last-described  forms. 
The  peculiarity  of  the  life  history  of  Trichina  is  that  the  embryos  set  free 
in  the  alimentary  canal  pass  through  the  walls  into  the  muscular  tissues  and 
there  encyst ;  but  do  not  in  a  ^neral  way  pass  out  from  the  alimentary 
canal  of  one  host  and  thence  into  a  fresh  host  to  encyst.  It  occasioimlly 
however  hapi>ens  that  this  migration  does  take  place,  and  the  life  history 
of  Tricliina  spiralis  then  becomes  almost  identical  with  that  of  some  of  the 
forms  of  the  third  ty\ie.  Trichina  is  parasitic  in  man,  and  in  swine,  and 
also  in  tlie  rat,  mouse,  cat,  fox  and  other  forms  which  feed  upon  them. 
Artificially  it  can  be  introduced  into  various  herbivorous  forms  (rabbit, 
guinea-pig,  horHe)  and  even  birds. 

The  sexual  form  inhabits  the  alimentarv  canal.  The  female  is  vivi- 
parous,  and  produces  myriads  of  embryos,  which  pass  into  the  alimentary 

*   Vhlr  Tjeuckart,  J),  men.  Par.,  Vol.  ii.  p.  704. 

'  Vide  I).  P.  Mafion,  *'  On  the  development  of  FiUria  sanffuinin  hominis.^  Journal 
ni'  the  Isimiean  Swiety,  Vol.  xiy.  No.  To. 
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canal  of  their  host,  through  the  walls  of  which  they  make  their  way,  and 
travelling  along  lines  of  connective  tissue  pass  into  the  muscles.  Here  the 
embryos,  which  are  bom  in  a  very  imperfect  condition,  rapidly  develop, 
and  eventually  assume  a  quiescent  condition  in  a  space  inclosed  by  saroo- 
lenima.  Within  the  sarcolemma  a  firm  capsule  is  developed  for  each  larva, 
which  after  some  months  becomes  calcified;  and  after  the  atrophy  of  the 
sarcolemma  a  connective  tissue  layer  is  formed  around  itw  Within  its 
capsule  the  larva  can  live  for  many  years,  even  ten  or  more,  without 
undergoing  further  development,  but  if  at  last  the  infected  flesh  is  eaten  by 
a  suitable  ibrm,  e.g.  the  infected  flesh  of  the  pig  by  man,  the  quiescent 
state  of  the  larva  is  brought  to  a  close,  and  sexual  maturity  is  attained  in 
the  alimentary  tract  of  the  new  host. 

Oordioidea.  'I'he  free  lar\'a  of  Gordius  already  described  usually  pene- 
trates into  the  larva  of  Ohironomus  where  it  becomes  encysted.  On  the 
Ohironomus  being  eaten  by  some  fish  (Villot,  No.  39)  (Phoxinus  Isevis  or 
Cobitis  barbatula),  it  penetrates  into  the  wall  of  the  intestine  of  its  second 
host,  becomes  again  encysted  and  remains  quiescent  for  some  time.  Event- 
ually in  the  spring  it  leaves  its  capsule,  and  enters  the  intestine,  and 
passes  to  the  exterior  with  the  feeces.  It  then  undergoes  a  gradual  meta- 
morphosis, in  the  course  of  which  it  loses  its  ringed  structure  and  cephalic 
ai'mature,  grows  in  length,  acquires  its  ventral  cord,  and  on  the  develop- 
ment of  the  generative  organs  loses  the  greater  part  of  its  alimentary  tract. 

Young  examples  of  Gordius  have  often  been  found  in  various  terrestrial 
carnivorous  Insecta,  but  the  meaning  of  this  fact  is  not  yet  clear. 
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ACANTHOCEPHALA. 

The  Acanthocephala  appear  to  be  always  viviparous.  At  the  time  of 
impregnation  the  ovum  is  a  naked  cell,  and  undergoes  in  this  condition  the 
earlier  phases  of  segmentation. 

The  segmentation  is  unequal  (Leuckart,  No.  393),  but  whether  there  is  an 
epibolic  gastrula  has  not  clearly  been  made  out. 

Before  segmentation  is  completed  there  ai'e  formed  round  the  ovum 
thick  protecting  membranes,  which  are  usually  three  in  number,  the  middle 
one  being  the  strongest.  After  segmentation  the  central  cells  of  the  ovum 
fuse  together  to  give  rise  to  a  granular  mass,  while  the  peripheral  cells  at  a 
slightly  later  period  form  a  more  traiiHparent  syncytium.     At  the  anterior 
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mbryo  there  appearu  a  superficial  cuticle  beariug  tu  frout  a  ring 

r  carried  out  with  the  excreta  ^m  t)ie  iutesUne  of 
u  which  its  pureat  lives.  It  is  theu  swallowed  hy  some 


end  of  the  e 
of  hooks. 

The  embryo  is  i 
the  vertebrate  hcait  ii 
invertebrate  host'. 

In  the  inteBtine  of  the  invertebrate  host  the  lai-va  is  free<l  from  it« 
lueiubranes,  and  is  found  to  have  a  somewhat  elungat<Ml  coniraJ  form,  ter- 
minating anteriorly  in  an  obliquely  plated  diac,  turned  slightly  toward*  the 
ventral  surface  and  armed  with  hooka  Utitween  tliis  dine  and  tlie  grannlar 
mass,  already  described  as  formed  from  the  central  cells  of  the  embryo,  is  a, 
rather  conspicuous  soliil  body.  Leuckart  supposes  that  this  body  niay  r»- 
preaeiit  a  rudimentary  functionlesa  pharynx,  while  the  granular  mass  ia 
bis  opinion  is  an  equally  rudimentary  and  functionleea  intestine.  The  body 
wall  is  formed  of  a  semifluid  internal  layer  surrounding  the  rudimentary 
Intestine,  if  such  it  be,  and  of  a  firmer  outer  wall  immediately  within  the 
cuticle. 

The  adult  Echinorhyucns  is  formed  by  a  remarkable  process  of  dei'clop- 
roent  within  the  body  of  the  larva,  and  the  skin  ia  the  only  part  of  the 
larva  which  is  carried  over  to  tJie  adult. 

In  EchinorhyncuB  proteus  the  larva  remains  mobile  during  the  forma- 
tion of  the  adult,  but  in  other  forms  the  met<imorpho»is  takes  place  during 
u  quiescent  condition  of  the  larva. 

The  organs  of  the  adult  are  differentiated  from  a  mass  of  cells  which 
appears  to  be  a  product  of  the  central  embryonic  granular  mass,  and  ia  called 
by  Leuckart  the  embryonic  nuclena  The  embryonic  nucleus  becomes  divided 
inUi  four  linearly  arranged  groups  of  cells,  of  which  the  hindermoet  but 
one  ia  the  lai'gost,  and  very  early  differentiates  itself  into  (1)  a  [Kripheral 
layer,  and  (3)  a  central  mass  formed  of  two  distinct  bodies.  The  peripheral 
layer  of  this  segment  grows  forwards  and  backwards,  and  embraces  the 
other  segment^  with  the  exception  of  the  front  end  of  the  first  one  which 
is  Ittft  uncovered.  The  envelo))e  so  formed  gives  rise  to  the  splanchnic  and 
somatic  mesublast  of  the  adult  worm.  Of  the  four  groups  of  celU  within  it  the 
anterior  gives  lise  to  the  proboscin,  the  next  to  the  nerve  ganglion,  the  third, 
formed  of  two  bodies,  to  the  jiaired  generativea,  and  the  fourth  to  the 
generative  ducta.  The  whole  of  the  above  complex  rapidly  eh>ugat«f,  and 
as  it  docs  so  the  enveloping  membrane  becomes  split  into  two  layers ;  of 
which  the  outer  forms  the  muscular  wall  of  the  Wly  (iiomatic  mesoblast), 
and  the  inner  the  muscular  sheath  of  the  proboscis  and  the  so^i^alled  gene- 
rative ligament  enveloping  the  generative  organs.  The  inner  layer  may  tie 
called  the  splanchnic  mesoblast  in  spite  of  the  absence  of  an  intestine. 
The  cai-ity  between  the  two  mosoblastic  layers  forms  the  body  cavity. 

The  various  jiarta  of  the  adult  continue  to  differentiate  themselves  aa 
the  whole  increases  in  size  The  geueralivo  inaases  very  early  shew  traoea 
of  becoming  differentiated  Into  testes  or  ovaries.  In  the  male  the  two 
generative  masaea  remain  spherical,  but  in  the  female  become  elongated  t 
the  rudiment  of  the  generative  ducte  becomes  divided  into  three  seotioOB 

>  Echin.  proteuB.whidi  in  |»rssitia  in  the  adult  Blslcin  many  frwiJiv.-iitet  fl»h,  pssnte 
IbrouBh  it<  larval  ooiiditiuii  in  Uie  bmly  cavit;  of  Gumniamd  pulei.  Eoh.  aagnstattis, 
pandtio  in  the  Perch,  ia  (ooad  m  the  lanal  oondition  in  the  body  cavity  of  jLsdlua 
•qnationi.  Eeh.  gigac,  pansitic  in  iwuie,  ii  stated  by  Schneider  (No.  394)  to  pMI 
Uuuugh  its  larral  slagea  in  maggots. 
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in  both  sexes.  The  most  remarkable  changes  are,  however,  those  undergone 
by  the  mdiment  of  the  proboscis. 

In  its  interior  there  is  formed  a  cavity,  but  the  wall  bounding  the  front 
end  of  the  cavity  soon  disappears.  By  the  time  that  this  has  taken  place 
the  body  of  the  adult  completely  fills  up  the  larval  skin,  to  which  it  very 
soon  attaches  itself.  The  hollow  rudiment  of  the  proboscis  then  becomes 
everted,  and  forms  a  papilla  at  the  end  of  the  body,  immediately  ad- 
joining the  larval  skin.  This  papilla,  with  the  larval  skin  covering  it, 
constitutes  the  permanent  proboscia  The  original  larval  cuticle  is  either 
now  or  at  an  earlier  period  thrown  off  and  a  fresh  cuticle  developed.  The 
hooks  of  the  proboscis  are  formed  from  cells  of  the  above  papilla,  which 
grow  through  the  larval  skin  as  conical  prominences,  on  the  apex  of  which 
a  chitinous  hook  is  modelled.  The  remainder  of  the  larval  skin  forms  the 
skin  of  the  adult,  and  at  a  later  period  develops  in  its  deeper  layer  the 
peculiar  plexus  of  vessels  so  characteristic  of  the  Acanthocephala.  The 
anterior  oval  appendages  of  the  adult  cutis,  known  as  the  lemnisci,  are 
outgrowths  from  the  larval  skin. 

The  Echinorhyncus  has  with  the  completion  of  these  changes  practically 
acquired  its  adult  structure ;  but  in  the  female  the  ovaries  undergo  at  this 
period  remarkable  changes,  in  that  they  bi*eak  up  into  a  number  of  spherical 
masses,  which  lie  in  the  lumen  of  the  generative  ligaments,  and  also  make 
their  way  into  the  body  cavity. 

The  young  Echinorhyncus  requires  to  be  transported  to  its  permanent 
host^  which  feeds  on  its  larval  host,  before  attaining  to  sexual  maturity* 
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Prototracheata- 
Thk   reiunrkable   researches   of   Moseley   (No.    396)   1 


Peripatui 


Fill.  1117.      AllUl.f  KXAMPLB  or  P 


I,  natural  aize.    (From  MoMlcy.) 

cnp«.>ii!>iM  linvo  broiiglit  clearly  to  light  the  affinities  of  this  form  with 
thii  truchoatc  Arthropoda;  and  its  nimierous  jiriniitive  characters,  such 


F1.I.  Ifirt.       Two    MTA'tEB    IM    THB 

A.    Ti>iiiiBeNt  nts)!!'  Iiitliiiio  oboprTeil  ))efnn'  the  njijicnraiice  of  tbc  lefpi. 
1).    Ltttir  Htnite  after  Ihi-  l<'fi><  and  adtciiiin  liivvr  Ih-puoio dcvuliiixd. 
Itiilli  tiunri-r'  r(r)m'i>i'iit  the  Lirva  ai>  it  apiKitrn  witbiu  the  egg. 
I  and  2.    Fiml  anil  HMund  iHMt-oral  apiieudsgi'H. 

iu  till'  f;i'tifr.illy  distrihiiteil  tracheal  ai)ortiiros,  the  itiiiMJifoctly  seg- 
mciitiii  limbs,  tlic  .iivcTKiii^'  ventral    nerve  mnU   with   imperfectly 
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marked  ganglia,  and  the  Depliridia  (segmental  utganit'),  wnulil  render  ite 
embryology  of  peculiar  interest.  Unfortunately  Moseley  was  uuablti, 
from  want  of  raaterial,  to  make  so  complete  a  study  of  ite  development 
aa  of  its  anatomy.  The  youngest  embryo  observwl  was  in  part  didtiuctly 
segmented,  and  coiled  up  within  the  egg  (tig.  108  A).  The  procephalic 
lobes  resemble  those  of  the  Arthropoda  generally,  and  are  unlike  the 
pne-oral  lobe  of  Chietopods  or  Discophora.  They  are  not  marked  off 
by  a  transverse  constriction  from  the  succeeding  segments.  Tlie  three 
embryonic  layers  are  differentiated,  and  the  interior  is  tilled  with  a 
brownish  mass — tlie  remnant  of  tlie  yolW — which  is  probably  enclosed 
in  a  distinct  intestinal  wall,  and  is  lohod  in  correspondence  with  the 
segmentation  of  the  body.  The  moutli  invagination  is  not  present, 
and  but  two  pairs  of  slight  prominences  mark  the  rudiments  of  the 
two  anterior  post-oral  appendages. 

The  single  pair  of  antennie  is  formed  in  the  next  stage,  and  is 
followed  by  the  remaining  post-oral  appendages,  which  arise  iu  succes- 
sion from  before  backwards  somewhat  later  than  the  segments  t4* 
which  they  ap])ertain. 

The  posterior  part  of  tlie  embryo  becomes 
uncoiled,  and  the  whole  embryo  bent  double 
in  the  egg  (iig.  1(18  Bf. 

The  mouth  apixjars  as  a  sHt-like  opening 
between  and  below  the  procephalic  lobes.  On 
each  side  and  somewhat  behind  it  there  grows 
out  an  appendage^the  first  ]Kist-oral  pair  (fig, 
109,  1)^ — -while  in  front  and  behind  it  are 
formed  the  upper  and  lower  lips.  These  two 
appendages  next  turn  inwards  towards  the 
mouth,  and  their  bases  become  gradually  closed 
over  by  two  processes  of  the  pPK-ephidic  re- 
gion (fig.  170,  m).  The  whole  of  these  struc- 
tures assist  in  forming  a  kind  of  secondary 
mouth  cavity,  which  is  at  a  later  period  fur- 
ther completed  by  the  processes  of  the  pro- 
cephalic region  meeting  above  the  mouth, 
covering  over  the  labrum,  and  growing  back- 
wards to  near  the  origin  of  the  second  pair  of 
post-oral  appendages. 

The   antenme  early  become  jointed,  and 
fresh  joints  continue  to  be  added  throughout 
embryonic  life ;   in  the  adult  there  are  pre-  sUghurold^r"  than 
sent   fully   thirty  joints.     It   appears  to  me  %.  168;  anroUed.    (After 
probable  (though  Air  Moseley  takes  the  con-  MoBslej.) 
trary   view)   from    the   late   development   of  (  intetuMr 
the  paired  processes  of  the  procephalic  lobes,  lobe.    1,  a,  3, 
wliich   give  rise   to  the   circular   lip  of  the  appc""W«. 


K\  a.  month; 
r.  procepkalia 
etc.,  poat-oral 
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sdult,  that  they  are  not  true  appendages.  The  oext  pair  therefore 
to  the  antcnniB  is  the  Hret  post-oral  pair.  It  is  the  only  pur  con- 
nected with  the  mouth.  At  their 
extremities  there  is  formed  a  pair  of 
claws  similar  to  those  of  the  ambu- 
Itttory  legs  (Bg.  171).  The  next  and 
largest  pair  of  appendages  in  the 
embryo  are  the  oral  papillae.  They 
are  chiefly  remarkable  for  contain- 
ing the  ducts  of  the  slime  glands 
which  open  at  their  bases.  They 
are  without  claws.  The  succeeding 
appendages  beciime  eventually  im- 
perfectly five-jointed;  two  claws  are 
formed  as  cuticular  investments  of 
riu(iiHiiii.ATEBTAORoFDKrKLOFifEMT.  papillo]  in  pockets  of  tlie  skin  at 
J.  thickBning  of  cpibbwt  of  procepba-    the  ends  of  their  terminal  joints. 

lia  loba  to  form  Bupr»-icBoph«(5eftl  gan-  ,   ,  ,  , ,  ,  _ 

(Haaa;  m.  process  from  iirocMphalie  lobe  I  "Rve  been  able  to   make  a  few 

growinH  otit  the  fiiitt  poat-onl  kppen-  observations  on  the  internal  structure 
di«e:  0.  mouth;  f.  eye;  \  »ad  3,  flnt  of  the  embryos  from  specimens  sap- 
aiidiecondp»irorpo.t-o«lappen<UgM.  pli^J  to  me  by  Moseley.  The«,  ftns  so 
far  confined  to  a  few  Htagcs,  one  slightly  earlit^r,  the  othetv  slightly  later, 
than  the  cinliryo  represented  in  fig.  IC^  B.  The  epiblast  is  formed  of  a 
layer  of  coluiiinnr  cells,  two  deep  on  tlie  ventral  surface,  excejit  along  the 
median  line  where  there  is  a  well-marked  groove  and  the  epibtast  is  much 
thinner  (6g.  172). 

—"--  The  nervous  system  of  the 

tnink  is  formed  as  two  indejtcn- 
dt!Ut  epiblastic  cords.  In  my 
earlier  stage  tliose  are  barely  se- 
parated fi'om  tlie  epiblaet,  but  in 
the  Iftter  onea  are  quite  iiiciep<>Q- 
dent  (fig.  172,  v.n),  and  {nrtly 
surrounded  by  mesoblast. 

The  sopra-iBHophageal  ganglia 
are  formed  as  thickenings  of  the 
epiblaitt  of  the  ventral  siiie  of  the 
proccjilmlic  lobes  in  ftt>iit  of  the 
stomodieum.  They  are  shewn  at 
170.  The  thickenings  of 
the  two  sides  arc  at  first  inde- 
rolutioM'"ihteh  pt^iident.  At  a  somewhat  later 
the  «upra-«iopha«cal  guixlia.  Tliu  period  an  invagination  of  the 
antenuB,  oral  cavitj,  and  otal  papill*  are  kino  epiblast  grows  into  each  of  these 
•*"*»■■  lolx;a.     The  ojenings  of  these  in- 

vaginations extend  from  tlin  oral  cavity  forwardu  ;  and  they  are  shown  in 
fig.  ITl'.  Their  o]>ening3  become  closed,  and  the  walls  of  the  invaginations 
constitute  a  large  [lart  of  the  embryonic  supra-wsophageal  ganglia. 


Flo.  171.  IleAP  or  an  kwibto  pBaiPiTL-s. 
(From  Muwley.) 

The  GfiaTo  shews  the  jaw*  (maodiblen),  and 
dose  to   Ihem   epiblutio 
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Similar  epiblastic  invaginations  assist  in  forming  the  supra-CBsophageal 
ganglia  of  other  Tracheata.  They  are  described  in  the  sequel  for  Insects, 
Spiders  and  Scorpions.  The  position  of  the  supra-cesophageal  ganglia  on 
the  ventral  side  of  the  procephalic  lobes  is  the  same  as  that  in  other 
Tracheata. 

The  mesoblast  is  formed,  in  the 

earliest  of  my  embryos,  of  scatter-  -^^      •  .^'^k.    ^wt^ 

ed  cells  in  the  fairly  wide  space 
between  the  mesenteron  and  the 
epiblast     There  are  two  distinct 
bands  of  mesoblast  on  the  outer    ^  J 
sides  of  the  nervous  cords.    In  the 
later  stage  the  mesoblast  is  divided    *•"* 
into  distinct  somatic  and  splanch- 
nic layers,  both  very  thin ;   but 
the  two  layers  are  connected  by 
transverse  strands  (fig.  172).  There 
are  two  special  longitudinal  septa 
dividing  the  body  cavity  into  three        Fio.  172.    Section  throuqh  the  trunk 
compartments,  a  median  (mc\  con-  J'  an  embryo  of  Pbbipatus.     The  embryo 

taini.^  the  mesenteron  and  two  ^»  ^^^e  ^L^S"  m.  "^  ""  '^ 
lateral  {Ic)  contaming  the  nerve 
corda  Tliis  division  of  the  body 
cavity  persists,  as  I  have  elsewhere 
shewn,  in  the  adult.  A  similar  di- 
vision is  found  in  some  Cha^topoda, 
e,g,  Polygordius. 

I  failed  to  make  out  that  the  mesoblast  was  divided  into  somites,  and 
feel  fairly  confident  that  it  is  not  so  in  the  stages  I  have  investigated. 

There  is  a  section  of  the  body  cavity  in  the  limbs  as  in  embryo  Myria- 
pods.  Spiders,  etc. 

In  the  procephalic  lobe  there  is  a  well-developed  section  of  the  body 
cavity,  which  lies  dorsal  to  and  in  front  of  the  rudiment  of  the  supra- 
oesophageal  ganglia. 

The  alimentary  tract  is  formed  of  a  mesenteron  {^g,  172),  a  stomo- 
dffium,  and  proctodseum.  The  wall  of  the  mesenteron  is  formed,  in  the 
stages  investigated  by  me,  of  a  single  layer  of  cells  with  yolk  particles, 
and  encloses  a  lumen  fh^  from  yolk.  The  forward  extension  of  the 
mesenteron  is  remarkable. 

The  stomodseum  in  the  earlier  stage  is  a  simple  pit,  which  meets  but  does 
not  open  into  the  mesenteron.  In  the  later  stage  the  external  opening  of 
the  pit  is  complicated  by  the  structures  already  described.  The  procto- 
dsBum  is  a  moderately  deep  pit  near  the  hinder  end  of  the  body. 

The  existence  of  a  tracheal  system^  is  in  itself  almost  sufficient  to 
demonstrate  the  affinities  of  Feripatus  with  the  Tracheata,  in  spite  of  the 
presence  of  nephridia.  The  embryological  characters  of  the  procephalic 
lobes,   of  the  limbs  and  claws,  place  however  this  conclusion   beyond 

informs  me  that  he  has  long  been  aware  of  the  homology  of  these  folds  with  those  in 
various  other  Tracheata. 

1  The  specimens  shewing  tracheie  which  Moseley  has  placed  in  my  hands  are  qoite 
safficient  to  leave  no  doubt  whatever  in  my  mind  as  to  the  general  aconraoy  of  bis 
description  of  the  tracheal  system. 


$pjm,  splanchnic  mesoblast. 

f.ffi.  somatic  mesoblast. 

mc,  median  section  of  body  cavity. 

Ic.  lateral  section  of  body  cavity. 

v.n.  ventral  nerve  cord. 

me.  mesenteron. 
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the  reach  of  scepticiani.  If  the  reader  will  compare  the  figure  of  Peripatun 
with  that  of  an  embryo  Scorpion  (fig.  196  A)  or  Spicier  (fig.  200  C)  or  better 
still  with  MetschnikoflTB  figure  of  (>eophilus  (No.  399)  PI.  xxi.  fig.  1 1,  he 
will  be  satisfied  ou  thb  point. 

The  homologies  of  the  anterior  appendages  are  not  very  easy 
to  determine;  but  since  there  does  not  appear  to  me  to  be  sufli- 
cient  evidence  to  shew  that  any  of  the  anterior  appendages  have 
become  aborted,  the  first  post-oral  appendages  embe<lded  in  the 
lips  may  provisionally  be  regarded  as  equivalent  to  the  mandibles, 
and  the  oral  papilhe  to  the  first  pair  of  maxillae,  etc.  Moseley  is 
somewhat  doubtful  about  the  homologies  of  the  appendages, 
and  hesitates  between  considering  the  oral  papillui  as  equiva- 
lent to  the  second  pair  of  maxillsB  (on  account  of  their  con- 
taining the  openings  of  the  mucous  glands,  which  he  compares  with 
the  spinning  glands  of  caterpillars),  or  to  the  poison  claws  (fourth  post- 
oral  appendages)  of  the  Chilopoda  (on  account  of  the  poison-glands 
which  he  thinks  may  be  homologous  with  the  mucous  glands). 

The  arguments  for  either  of  these  views  do  not  api)ear  to  me  con- 
duaiva  There  are  glands  opening  into  various  anterior  appendages  in 
the  Tracheata,  such  as  the  poison  glands  in  the  Cbelicene  (maudibles)  of 
Spiders,  and  there  is  some  evidence  in  Insects  for  the  existence  of  a  gland 
belonging  to  the  first  pair  of  maxillee,  which  might  be  compared  with  the 
mucous  gland  of  Feri^mtus.  For  reasons  already  stated  I  do  not  regard 
the  processes  of  the  cephalic  lobes,  which  form  the  lips,  as  a  pair  of  ttxw 
appendages. 
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Myriapoda*. 

Chilogliatha.  The  first  stages  in  the  development  of  the  Chiht- 
gnatha  have  been  investigated  by  Metschnikoff  and  Stecker,  but  their 
accounts  are  so  contradictory  as  hardly  to  admit  of  reconciliation. 

According  to  Metschnikoff,  by  whom  the  following  four  species 
have  been  investigated,  viz.,  Strongylosoma  Guerinii,  Polydesmus 
complanatus,  Polyxenus  lagurus,  and  Julus  Moneletei,  the  segmenta- 
tion is  at  first  regular  and  com])lote,  but,  when  the  segments  are  still 
fairly  large,  the  regular  segmentation  is  supplemented  by  the  appear- 
ance of  a  number  of  small  cells  at  various  points  on  the  surface,  which 
in  time  give  rise  t4>  a  continuous  blastoderm. 

The  blastoilerm  becomes  thickened  on  the  ventral  surface,  an<l  so 
forms  a  ventral  plate*. 

'     Tlio  cIuHiaitication  of  the  Myria]>oIa  employed  in  the  prosent  wet  ion  i« 

1.    Ghilognatha.   (MiiiipedeH.) 

II.     Chilopoda.    (Ceuti])edeH.) 
*  Stec'ker*H  (No.  400)  obHcrvations  were  made  on  the  eggn  of  JuhiR  fai<ciatUR,  JuIqh 
ffptiduH,  Crattpedosoma  iimrmoratum,  PoIydesmuH  compIanatUH,    and  StrongylotmniM 
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The  most  important  sources  of  information  for  the  general  embry- 
ology of  the  Chilognatba  are  the  papers  of  Newport  (No.  397)  and 
MetscbnikofF  (No.  398).  The  development  of  Strongylosoma  may 
be  taken  as  fairly  typical  for  the  group ;  and  the  atibsequent  stat«- 
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Fio.   173.     Three   bt«oes    in    1 
(After  HstBchnikofl.) 

A.  Embryo  on  eleventh  dsj  with  oommenoiiif;  Tentr&t  fleinre  (r). 

B.  Embryo  with  three  paim  of  poat-onil  appendngeti. 

C.  Embryo  with  five  pairs  of  post-oml  »ppend»geH. 

gt.  ventnil  platej  nl.  Batenns;  1—5  pont-org,!  appenilagpfl:  x.  pbiot  ol  flnure  of 
tbe  ventral  plate. 

pnllipen.  and  thoURh  carried  oa  by  mman  of  iieotion*.  ntill  leave  norae  points  very 
obsanre,  and  do  Dot  nppear  to  me  deRcrving  of  much  conGiIeDce.  The  two  speoien  of 
Julua  and  Cranpedoxoma  iiadorgo,  acoording  to  Stecker,  a  nearly  idunlical  development. 
The  egg"  before  n^mentation  ie  constilnted  of  two  i;abRtani?«B,  a  central  protopioBmio, 
and  a  peripheral  deutoplastic.  It  flriit  divides  into  two  eqnal  eegmenta,  and  coin- 
oidentaUy  with  their  rormation  part  of  the  central  protoplanm  travels  to  the  aorfooe 
OS  two  clear  flaid  segments.  The  ovniD  in  thiu  composed  of  two  yolk  segments  to  two 
protoplasmic  segmentH.  The  two  former  neit  divide  into  fonr.  with  the  production  of 
two  frenh  protuplaHmie  negmenta.  The  four  protoplasmie  Hegmenta  now  eonatitnte  the 
upper  or  animal  pole  of  tho  epg,  and  occopy  the  position  of  the  future  veotral  plate. 
The  yolk  seguients  form  the  lower  pole,  which  is  however  donal  in  relation  to  the 
future  animal.  Tlie  protoplasmic  segments  increase  in  nnmber  by  a  reguUr  division, 
and  arrange  themselves  in  three  rows,  of  which  the  two  outermoBt  rapidly  grow  over  - 
the  yolk  negments.  A  large  segmentation  cavity  in  stated  to  be  present  in  the  interior 
of  the  ovum. 

It  would  appear  trom  Stecber's  descriplioD  that  the  yolk  segments  (hypoblast)  next 
become  regularly  invaginated,  so  as  to  enclose  a  gastrio  cavity,  opening  externally  by 
k  blastopore;  but  it  is  difficult  to  believe  that  a  typical  gastrula,  nuon  as  that  represented 
by  Btecker,  really  comes  into  tho  cjclo  of  development  of  the  Chilognatha. 

The  mesoblsst  is  stated  to  be  derived  mainly  from  the  cpiblast.  This  \ayrt  in  the 
region  of  the  future  ventral  plate  beeomes  reduced  to  two  tows  of  cells,  and  the  inner 
of  these  by  the  division  of  its  constituent  elements  gives  Hse  to  the  mesoblast.  Tha 
development  of  Polydesmus  and  Strongylosoma  is  not  very  different  from  that  of  Joint, 
The  protoplasm  at  the  upper  pole  ocoupiee  from  the  first  a  superficial  poaitioii. 
Segmentation  commcnoea  at  the  lower  pole,  where  tbe  food  yolk  is  mainly  present  1 
The  gastrula  is  stated  to  be  similar  to  that  of  Jains.  The  mesoblast  is  formed  in 
FolydesmoB  as  a  layer  irf  cells  split  off  from  the  epiblast.  bnt  in  atroagybMoina  as  an 
outgrowth  from  the  lips  of  the  blastopore.  Steoker,  in  spile  of  tbe  statements  in  hia 
paper  as  to  tbe  origin  of  the  mesoblast  from  the  epibtost,  sums  up  at  the  end  to  the 
effect  that  both  tbe  primary  layers  have  a  share  iu  the  formation  of  the  mesoblast,  which 
originates  by  a  process  of  endogenous  cell-division  1 

it  may  be  noted  tbat  the  closure  of  the  blastopore  takes  plaee,  Mcording  to  Steeker, 
on  tho  dorsal  side  of  the  embryo. 
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ments,  unless  the  reverwi  is  stated,  apply  to  the  species  of  Stn-ii- 
gylosoma  investigated  by  Metschnikoff. 

After  the  segmentation  and  formation  of  the  layers  the  first 
obsenable  structure  is  a  transverse  furrow  in  the  thickening  of 
the  epiblast  on  the  ventral  surface  of  the  embryo.  This  furrow 
rapidly  deepens,  and  gives  rise  to  a  ventral  flexure  of  the  embryo 
(fig.  173  A,  0*),  which  is  much  later  in  making  its  appearance  in  Julus 
than  in  Strongylos^jma  and  Polyxenus.  A  pair  of  appendages,  which 
become  the  antennae,  makes  its  appearance  shortly  after  the  fonna- 
tion  of  the  transverse  furrow,  and  there  soon  follow  in  order  the  next 
three  pairs  of  appendages.  All  these  parts  are  formed  in  the  infoldetl 
portion  of  the  ventral  thickening  of  the  blastoderm  (fig.  173  B),  Tht» 
ventral  thickening  has  in  the  meantime  become  marked  by  a  lon^i^i. 
tudinal  furrow,  but  whether  this  is'  connected  with  the  formation  of 
the  nervous  system,  or  is  equivalent  to  the  mcsoblastic  furrow  in  Insects, 
and  connected  with  the  formation  of  the  mesoblast,  has  not  been  matle 
out  Shortly  after  the  appearance  of  the  three  pairs  of  apfK^u- 
dages  behind  the  antennse  two  further  pairs  become  added,  and  at  the 
same  time  oral  and  anal  invaginations  become  formed  (fig.  173  C). 
In  front  of  the  oral  oi)ening  an  unpaired  upper  lip  is  developecl. 
The  pne-oral  part  of  the  ventral  plate  develops  into  the  bilobed  pro- 
cephalic  lobes,  the  epibla.st  of  which  is  mainly  employed  in  the 
forin;ition  of  the  supra-tesophageal  ganglia.  The  next  important  change 
which  takes  place  is  the  segmentation  of  the  body  of  the  embryo 
(fig.  174  A),  the  most  essential  feature  in  which  is  the  division  of  the 
mesoblast  into  somites.  Segments  are  formed  in  order  from  before 
backwards,  and  soon  extend  to  the  region  behind  the  apfK^idages. 
On  the  appearance  of  segmentation  the  appendages  commence  to 
assume  their  ])ermanent  form.  The  two  anterior  (xiirs  of  post-on\l 
appendages  become  jaws ;  and  the  part  of  the  embryo  which  carries 
them  and  the  antenmo  is  marked  off  from  the  trunk  as  the  head. 
The  three  following  pairs  of  ap{K'ndages  grow  in  length  and  assume 
a  form  suited  for  locomotion.  Behind  the  three  existing  pairs  of 
limbs  there  are  <levelojK»d  three  fresh  pairs,  of  which  the  two  anterior 
belong  to  a  single  primitive  segment  While  the  above  changes  take 
place  in  the  ap{)endages  the  embrj'o  undergoes  an  ecdysis,  which  gives 
rise  to  a  cuticular  membrane  within  tlie  single  egg-membraiie 
(chorion,  Metschnikoff).  On  this  cuticle  a  tooth-like  process  is 
developed,  the  function  of  which  is  to  assist  in  the  hatching  of  the 
embryo  (fig.  174  A). 

Ill  PolyxeuuH  a  cuticular  uienihmue  is  prchont  as  in  Strongylosoniay 
hut  it  is  not  pix>vided  with  a  tootb-liko  process.  lu  the  same  forni  amoeboid 
(^Us  8e|)arute  themselves  from  the  blostodenu  at  an  early  |)eriod.  These 
i*ells  have  Im^cu  compared  to  the  embryonic  ODve]o|>es  of  Insects  described 
bvlow. 

In  JiiluH  two  cuticular  membranes  are  present  at  the  time  of  hatch- 
ing :  the  inner  one  is  very  strongly  develojH'd  and  encloses  the  embryo 
after  hatching.     After  leaving  the  chorion  the  emhr^'o  Julus  remains  con- 


nected  witli  it  by  a  stniciurelesa  n 
the  [.wo  cuticular  membraaeH. 


nibrane  which  hs  probablj'  the  outer  of 


At  the  time  when  the  embryo  of  StroDgylosoma  is  hatched  (6g, 
171  B)  nine  poBt-cephalic  segments  appear  to  be  present.  Of  these 
segments  the  second  is  apparently  (from  Metschnikuffs  figure,  174  B} 
without  a  pair  of  appendages;  the  third  and  fourth  aie  each  provided 


I: 


f    StBONOYLI! 

(After  Mtitschiiikull.) 
n  Jays'  embrjo,  alreadj  Begmpnled, 
B.    A  juBt-hatchod  larvu. 

with  a  single  functioual  pair  of  limbs ;  the  fifth  segment  is  provided 
with  two  pairs  of  rudimentary  limbs,  which  are  involuted  in  a  single 
sack  aud  not  vixible  without  prepamtiuu,  and  therefore  not  shewn 
in  the  figure.  The  sixth  segment  is  provided  with  but  a  single  pair 
of  appendages,  though  a  second  pair  is  subse'^uently  developed  on  it'. 
JuluH,  at  the  time  it  leaves  the  choiion,  is  imperfectly  jjegmeijt«d,  but  is 
provided  with  aQt«nnie,  maudiblea,  and  niaxillK,  and  seven  pairs  of  limbs, 
of  which  thtj  first  three  are  much  more  d»velo[ied  than  the  remainder. 
SegToentation  soon  makes  itti  appearance,  and  the  head  becomes  distinct 
from  the  trunk,  and  ou  each  of  the  three  anterior  trunk  segments  a  single 
pair  of  limbs  is  very  conspiouoiu  (Metacbnikoff)'.  Each  of  the  Hucaeediiig 
segments  bears  eventually  two  pairs  of  ajipendages.  At  the  time  when 
the  inner  embryonic  cuticle  is  cast  off,  tlie  larva  apjiears  to  lie  hexapodous, 

'  Though  the  soperGoiall;  helapodouit  larva  of  Strongylosoma  and  other  Cbilo- 
gnatha  has  a  utrikiug  resemblance  to  some  l&rval  tuHects,  no  real  compariaon  U  pos- 
sible between  them,  even  on  the  aasnmption  that  the  three  funutiunal  appendageB  of 
both  aie  bomologoua,  becaiue  Erabrfolog;  dearly  piovea  that  the  betapodoaa  Insect 
type  has  originated  from  an  anoentor  nilb  muneroiu  appendages  by  the  atrophy  of  those 
BppendofteB,  and  not  from  an  heiapodous  larval  form  prior  to  the  developioent  of  the 
fuU  namber  of  adult  appendages. 

*  Newport  states  however  that  a  pair  of  limbs  is  present  on  the  first,  M<K>iid,  and 
fourth  poBl-oral  scgmentB,  but  that  the  third  segment  is  apodons;  aud  this  is  un- 
doubtedly the  caac  in  the  adult 
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like  tlie  yontig  ritroogyloBoma,  but  tliere  are  in  reality  fo'ir  [laira  of  rutli- 
mentary  nitpendages  beLind  the  thi'ee  ftuictional  )>iurH.  Tlie  Utter  only 
appear  on  tlie  surface  after  the  firat  pout- embryonic  ecilysis.  Piiuropoit 
(Lubbock)  is  hexajiodous  in  a  young  stage.  At  tUe  next  moult  two  ji«ini 
of  appendages  are  added,  and  suboe^juently  one  pair  at  eadi  moult. 

There  appear  to  lie  eight  post-oral  segments  in  Julu8  at  the  time 
of  hatching.  According  to  Newport  fresh  segments  are  addod  in 
post- embryonic  life  by  successive  budding  from  a  blastema  betweeo 
the  penultimate  segment  and  that  in  front  of  it.  They  arise  in 
batches  of  six  at  the  successive  ecdyses,  till  the  full  number  is  com- 
pleted. A  functional,  though  not  a  real  hexapoduus  couditioa, 
appears  to  be  characteristic  of  Chilognatha  generally  at  the  time  of  ' 
hatching. 

The  most  interesting  anatomical  feature  of  the  Chilognatha  is  the 
double  character  of  their  segments,  the  feet  (except  the  first  three  or 
four,  or  more),  the  circulatory,  the  respiratory,  and  the  nervous 
systems  shewing  this  peculiarity.  Neiv-port's  and  Metschnikoffs 
observations  have  not  thrown  aa  much  light  on  the  nature  of  the 
double  segments  as  might  have  been  hoped,  hut  it  appears  probable 
that  they  have  not  originated  from  a  fusion  of  two  primitively  distinct 
segments,  but  from  a  later  imperfect  division  of  each  of  Uie 
primitive  segments  into  two,  ami  tlie  supply  to  each  of  the  divisions 
of  a  primitive  segment  of  a  complete  set  of  organs. 

Chilopoda.  Up  to  the  present  time  the  development  of  only  one 
type  of  I 'hilopoda,  viz.  that  of  Oeophilus,  has  been  worked  out.  Host 
forms  lay  their  e^;s,  but  Scnlopendra  is  viviparous.  The  se^enta- 
tioii  appears  to  resemble  that  in  the  Chilognatha,  and  at  its  close 
there  is  present  a  blastoderm  surrounding  a  central  mass  of  yolk 
cells.  A  ventral  thickening  of  the  blastoderm  is  soon  formed.  It 
becomes   dividt-d  into  numerous   segments,  which   continue   to   be 


Pu.  ITfi.      Two  IITAOKB   tH   T«B   DKtKUirUKNT  OF   OlltFBII.IM. 

(After  Meuchnikoff.) 

A.  Rldr-Tiew  of  ^mbrra  at  llie  VMf»  vhen  the  m^taaaVt  are  b^oniug  tu  b*  (c 

B.  I<«l«r  ititge  after  lbs  appeDdBges  have  become  establii^ied. 

at.  aiitennH':  n-n.i.  proctodiFUni. 
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formed  successively  from  the  posterior  unsegmented  part.  The 
antennae  are  the  first  appendages  to  appear,  and  are  well  developed 
when  eighteen  segments  have  become  visible  (fig.  175  A).  The 
post-oral  appendages  are  formed  slightly  later,  and  in  order  from 
before  backwards.  As  the  embryo  grows  in  length,  and  fresh  seg- 
ments continue  to  be  formed,  the  posterior  part  of  it  becomes  bent 
over  so  as  to  face  the  ventral  surface  of  the  anterior,  and  it  acquires  an 
appearance  something  like  that  of  many  embr}'o  Crustaceans  (fig.  175 
B).  Between  forty  and  fifty  segments  are  formed  while  the  embryo  is 
still  in  the  egg.  The  appendages  long  remain  unjointed.  The  fourth 
post-oral  appendage,  which  becomes  the  poison-claw,  is  early  marked 
out  by  its  greater  size :  on  the  third  post-oral  there  is  formed  a 
temporary  spine  to  open  the  egg  membrane. 

It  does  not  appear,  from  MetschnikoflTs  figures  of  Geophilus,  that  any 
of  the  anterior  segments  are  without  appendages,  and  it  is  very  probable 
that  Newport  is  mistaken  in  supposing  that  the  embryo  has  a  segment  with- 
out appendages  behind  that  with  the  poison  claws,  which  coalesces  with  the 
segment  of  the  latter.  It  also  appears  to  me  rather  doubtful  whether  the 
third  pair  of  post-oral  appendages,  t.  e,  those  in  front  of  the  pi>ison-claws,  can 
fairly  be  considered  as  forming  part  of  the  basilar  plate.  The  basilar  plate 
is  really  the  segment  of  the  poison-claws,  and  may  fuse  more  or  less  com- 
pletely with  the  segment  in  front  and  behind  it,  aud  the  latter  is  some- 
times without  a  pair  of  appendages  (Lithobius,  Scutigera). 

Geophilus,  at  the  time  of  birth,  has  a  rounded  form  like  that  of 
the  Chilognatha. 

The  young  of  Lithobius  is  bom  with  only  six  pairs  of  limbs. 

General  observation  on  the  Itoinolegies  of  the  appendages  of 

Myriapoda, 

The  chief  difficulty  in*  this  connection  is  the  homology  of  the  third  pair 
of  ix)Bt-oral  appendages. 

In  adult  Chilognatha  there  is  present  behind  the  mandibleaa  four-lobed 
plate,  which  is  usually  regarded  as  i-eprcsentiug  two  pairs  of  appendages^ 
viz.  the  first  and  second  paii-s  of  maxillae  of  Insects.  Metschnikoff's  ob- 
servations seem  however  to  shew  that  this  plate  represents  but  a  single 
pair  of  appendages,  which  clearly  corresponds  with  the  first  pair  of  maxillsB 
in  Insects.  The  pair  of  appendages  behind  this  plate  is  ambulatory,  but 
turned  towards  the  head  ;  it  is  in  the  embryo  the  foremost  of  the  three 
functional  pairs  of  legs  with  which  the  larva  is  born.  Is  it  eciuivalcnt  to 
the  second  pair  of  maxillae  of  Insects  or  to  the  first  pair  of  limbs  of  Insects) 
In  favour  of  the  former  view  is  the  fact  (1)  that  in  embryo  Insects  the 
second  pair  of  maxillse  sometimes  resembles  the  limbs  rather  than  the 
jaws,  so  that  it  might  be  supposed  that  in  Chilognatha  a  primitive 
ambulatory  condition  of  the  third  pair  of  appendages  has  been  retained  ; 
(2)  that  the  disappearance  of  a  pair  of  appendages  would  have  to  be 
postulated  if  the  second  alternative  is  adopted,  and  that  if  Insects  are 
descended  from  forms  related  to  the  Myriapods  it  is  surprising  to  find  a 
pair  of  appendages  always  present  in  the  former,  absent  in  the  latter. 
The  arguments  which  can  be  urged  for  the  opposite  view  do  not  appear 
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to  me  to  have  much  weight,  so  tliat  the  homology  of  the  appendages  in 
question  with  the  seoond  pair  of  maxillae  may  be  provisionally  assumed. 

The  third  pair  of  postK)ral  appendages  of  the  Chilopoda  may  probably  also 
be  assumed  to  be  equivalent  to  the  second  i>air  of  maxillie,  though  they  are 
limlvlike  and  not  connected  with  the  head.  The  subjoined  table  shews 
the  probable  homologies  of  the  appendages. 


Chiloonatha     (StroxifO'lo-  ,    Chilopoda  (Scolopcndra 
Boma  at  time  of  birth).  adult). 


j  Fne-oral  region.  Antennae.  AnteniiH). 


let  Post-oral  segment.  Mandiblen.  Mandibles. 


2nd        „         „                      MaxiUflB    1.      (Foiur-lobod  Maxillje  1. 

I                                                    phite  in  adnlt,  bnt  a  sim-  (Palp  and  bilobed  median 

!                                              j     pie  pair  of  appendages  procefw.) 

in  embr}'o.) 


8rd        ,.         „  Ist    pair    of    ambulatory    Limb-Iikc  apiMndages  with 

(probably  equivalent  to       limbs.  basal  parts  in  contact, 

segment  bearing  2nd  pair 
of  maxilliB  in  bisects.) 


,  4th        „  „  (/)  Apodous.  Poison  clawH. 

I  »th        „  ,,  2nd    pair    of    ambulatory    Ist    pair    of    ambulatory 

limbs.  '      limbs. 


6th        ..  .,  3nl 


•t  t«  "•»»        ,f  .,  ,f 


7th        ..  .,  4th  and  5th 

(rudimentary.) 


tt  •»  ^mm%    mm»M^    v*..  ,,  ,, 


2nd 


»♦         •»         •» 


3rd 


« «         •  * 


8th        ,.  ,,  0th        „  ,,  ,,  4th  

(the  7th  pair  is  developed 
in  this  segment  later.) 


9th        ,,  ,,  AiHxldus.  •')th 

i  loth      ,,  ,,  ,,         (last  segment  in    Cth 

i  cmbrj'o).  > 


ff         »» 


•  t 


The  ifenubial  layers  and  formation  of  ortjans. 

The  development  of  the  organs  of  the  JVIyriapoda,  and  the  origin  of  tlie 
germinal  layers,  are  very  imperfectly  known :  MyriaiKxla  ap|K>ar  however 
to  Ixi  closely  similar  to  Insects  in  this  jKirt  of  their  development,  and  the 
general  (juestion  of  the  layers  will  be  treat^'d  more  fully  in  connection  with 
tlrnt  grou]). 

Tlio  gn»ater  part  of  the  blastoderm  gives  riK<»  to  the  e]nblnst,  which 
fumishoH  the  skin,  nervous  system,  ti*acheal  system,  and  the  stomodii'um 
and  pnxrtothuum. 

The  mesoblast  arises  in  connection  with  the  ventral  thickening  of  the 
blaMt<Klenii,  but  the  details  of  its  formation  an»  not  known.  Met.schnikofr 
di*S4'ri)»es  a  longitu<liiuil  furrow  which  ap[)earH  very  early  in  Stmngylosoma, 
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which  is  perhaps  equivalent  to  the  mesoblastic  furrow  of  Insects,  and  so 
connected  with  the  formation  of  the  mesoblast. 

The  mesoblast  is  divided  up  into  a  series  of  protovertebra-like  bodies — 
the  mesoblastic  somites — the  cavities  of  which  become  the  body  cavity  and 
the  walls  the  muscles  and  probably  the  heart.  They  are  (Metschnikoff) 
prolonged  into  the  leg'*,  though  the  prolongations  become  subsequently 
segmented  off  from  the  main  masses.  The  splanchnic  mesoblast  is, 
according  to  Metschnikoff,  formed  independently  of  the  somites,  but  this 
point  requires  further  observation. 

The  origin  of  the  hypoblast  remains  uncertain,  but  it  appears  probable 
that  it  originates,  in  a  large  measure  at  least,  from  the  yolk  segments.  In. 
the  Chilognatha  the  mesenteron  is  formed  in  the  interior  of  the  yolk  seg- 
ments, so  that  those  yolk  segments  which  are  not  employed  in  the  formation 
of  the  alimentary  canal  lie  freely  in  the  body  cavity.  In  the  relation  of 
the  yolk  segments  to  the  alimentary  canal  the  Chilopoda  present  a  strong 
contrast  to  the  Chilognatha,  in  that  the  greater  ])art  of  the  yolk  lies 
within  their  mesenteron.  The  mesenteron  is  at  first  a  closed  sack,  but  is 
eventually  placed  in  communication  with  the  stomodaeum  and  the  procto- 
dfeum.  The  Malpighian  bodies  arise  as  outgrowths  from  the  blind  ex- 
tremity of  the  latter. 
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Insecta\ 

The  formation  of  the  embryonic  layers  in  Insects  has  not  been 
followed  out  in  detail  in  a  large  number  of  types ;  but,  as  in  so  many 

^  The  following  classification  of  the  Insecta  is  employed  in  this  chapter. 

1.    Api«ra.    ^^2)  Thysanura. 

r(l)  Orthoptera  gennina  {Blatta,  Locusta,  etc.) 
IL     Orthoptera.     ■1(2)  ♦»  pseudoneuroptera  (Termes,  Ephemera,  Li- 

\  bellula.) 

f{l)  Hemiptera  heteroptera  [Cimex,  Notonecta,  etc.) 
ni.    Hemiptera.     •{(2)  »*  homoptera  (.^p/iw,  CtcaJa,  etc.) 

((3)  ,,         parasita  (Pediculus,  etc.) 

(1)  Diptera  gennina  {Mutca,  Tipula,  etc.) 

(2)  „       aphaniptera  (Pulex,  etc.) 
,(3)        ,,       pnpipara  {Braula,  etc.) 

xr     '%a  4.  i(l)  Nenroptera  planipennia  {MyrmeUon,  etc.) 

V.    Kenroptera.     \^2)  „  trichopten  (Phryganea,  etc.) 

VI.    Goleoptera. 
viL    Lepidoptera. 

1(1)  Hymenoptera  acnleata  {Apis,  Formica,  etc.) 
VTTT      iT,^A,...»fAno       J(*^)  '»  entoHiophaga  (Ichneumon,  Platygai- 

vm.    Hymenoptera.    \         ^^^  etc.) 

'(3)  ,,  phytophaga  {Tenthredo,  Sirex,  etc.) 


IV.   Diptera. 


other  itistancea,  some  of  the  most  complete  histories  we  have  are  due 
to  Kowalevsky  (No.  416).      The  development  of  Hydrophilus  has 


Flo.  17(t.    Foui 

TEXTBAi.  suBFtcs.     (Aft«r  Eowilevsky.) 
The  upper  end  ia  the  anterior,     gg.  germinal  grooTe; 
been  worked  out  by  him  mure  fully  thau  that  of  any  other  fonn,  and 
will  aerve  as  a  type  for  comparison  with  other  forms. 

The  segmentatioQ  has  not  been  studied,  but  no  doubt  belongs  to 
the  centrolecithal  type  (yide  pp.  90 — 99).  At  its  close  there  ia  an 
uniform  layer  of  cells 
enclosing  a  central  mass 
of  yolk.  These  cells,  ia 
the  earliest  observed 
sU^e,  were  flat  on  the 
dorsal,  but  columnar  on 
part  of  tite  ventral  sur- 
face of  the  egg.  where 
they  form  a  thickening 
which  will  be  called  the 
ventral  plate.  At  the 
posterior  part  of  the  ven- 
tral plate  two  folds,  with 
a  furrow  between  them, 
make  their  appearaoco. 
Flo.  177.  Tvn  TmAMsvEBsa  bictioks  Tasouou  They  form  a  structure 
KnsmToB  or   Hydbophildi  ticxvs.     (AflM  Kowa-     which  may  be  spoken  of 

/'■      ,      ,        ,  ,        .  1    ^  Its  the  germinal  croove 

A.  Beotion  throuKh  ■»  embryo  of  the  rtiwe  repre-  ,^        -_,?    ,  ,   °    ■*, 
•ented   in   ««.  178  B.   at  tbe  p»ml  where  the  two  (ng.    !'(>   A.   ??)■       The 
gonnimU  folila  moit  kpproumBtr.  cells     which     form      tbe 

B.  Soetion   throQKh  an  milryo  soroewhit  later  g,^^  ^f  ji,g    groove    are 
than  the  •tarn  fiR.  ne  D,  lliroQgli  the  antenor  region  ,  i    ™  il, 

-her*  the  ISnioa  hoa  not  c^mplowlj  ti<»ed  over  iLe     far  "K^re  columnar  than 
embrjD.  those  of  other  parts    of 

gf).  genamtH    groove;     ux.  meaoblul ;     om.  am-       the    blastoderm    (fig.  177 
nio..;   I,*,  you.  ^j         ^.^p    two   folds   on 
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each  aide  of  it  gratliially  approach  each  other.  They  do  ao  at  tirst 
behind,  and  then  in  the  middte;  from  the  latter  point  the  approxi- 
mation gradually  extends  backwards  and  forwards  (fig.  176  B  and  C). 
In  the  middle  and  hinder  parts  of  the  ventral  plate  the  groove 
becomes,  by  the  coalesciince  of  the  folda,  converted  into  a  canal 
(fig.  178  A,  ffg),  the  central  cavity  of  which  soon  disappeara,  while 
at  the  same  time  the  cells  of  the  wall  undergo  division,  become  more 
rounded,  and  form  a  definite  layer  {me) — the  mesoblast— beneath  the 
columnar  cells  of  the  surface.  Anteriorly  the  process  is  slightly 
different,  though  it  leada  to  the  similar  formation  of  mesoblaet  (fig. 
177  B).  The  flat  floor  of  the  groove  becomes  in  front  bodily  converted 
into  the  mesoblftst,  but  the  groove  itself  is  never  converted  into  a 
canal.  The  two  folds  amply  meet  above,  and  form  a  continuous 
BUperfieiat  layer. 

During  the  later  stages  of  the  process  last  described  remarkable 
structures,  eminently  characteristic  of  the  Insecta,  have  made  their 
first  appearance.  These  structures  arecertain  embryonic  membranes  or 
coverings,  which  present  in  their  mode  of  formation  and  arrangement 
a  startling  similarity  to  the  true  and  false  amnion'  of  the  Vertebrata. 
They  appear  a&  a  double  fold  of  the  blastoderm  round  the  edge  of 
the  germmal  area,  which  spreads  over  the  ventral  plate,  from  behind 
forwards,  in  a  general  way  in 
the  same  manner  as  the  am- 
nion in,  for  instance,  the 
chick,  The  folds  at  their 
origin  are  shewn  in  surface 
view  in  fig.  17fi  D,  am,  aud 
in  section  in  fig.  177  B,  am. 
The  folds  eventually  meet, 
coalesce  (fig,  178,  am)  and 
give  rise  to  two  membranes 
covering  the  ventral  plate, 
viz.  an  inner  one,  which  is 
continuous  with  the  ed] 
the  ventral  plate;  and  an 
outer,  continuous  with  the 
remainder  of  the  blastoderm. 
The  vertebrate  nomenclature 
may    be    conveniently   em- 

K'  yed  for  these  membranes. 
e  inner  limb  of  the  fold 
will  therefore  be  spoken  of 
as  the  amniou,  and  the  outer 
one,  including  the  dorsal 
part  of  the  blastoderm,  a& 
the  serous  envelope'.  A 
'  The  reverse  tiomeuclntunt  to  I 
niknff. 


Fia.  178. 
or  Hyi.bofhii.u8  piceub.     (After  Kowaiersky.) 

A.  Section  tUrongb  the  poHteriar  part  at  the 
embryo  fig.  ITG  D,  uhewing  the  completel)'  olosed 
am  Dion  and  the  Rerminal  groove. 

B,  SectioD  throaRh  ao  older  embryo  in  which 
the  mesoblaft  lias  giowo  out  into  a  continaons 
plate  beneatli  the  epiblaet. 

gf).  nerminal  groove ;  am.  amnion;  jrk.  joUc; 
fp.  eiiiblast. 

iii<  is  rather  inconveniently  employed  by  Uetach- 
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Hiiglit  coiisiiieratirm  of  tlie  inode  of  fonnatioii  of  the  ini^iiibrniies.  or 
an  JQspection  of  the  fibres  illustrating  their  format  ion,  mukes  it  at 
once  clear  that  the  yolk  cau  pass  in  freely  betwuec  the  amiiioa  and 
eeruiis  envelope  (vide  fig.  ISl).  At  the  bind  end  of  the  embryo  this 
actually  takes  place,  so  that  the  ventral  plate  covered  by  the  amnion 
appears  to  become  completely  imbedded  in  the  yolk  :  elsewhere  the  two 
membraaes  are  in  contact  At  first  (fig.  17G)  the  ventral  plate  occupies 
but  a  small  portion  of  the  ventral  surface  of  the  egg.  but  during  the 
changes  above  described  it  extends  over  the  whole  ventral  surface,  and 
even  slightly  on  the  dorsal  surface  both  in  front  and  behind.  It 
becomes  at  the  same  time  (fig.  179)  divided  by  a  series  of  transverse 
lines  into  segments,  which  increase  in  number  and  finally  amount 
in  all  to  seventeen,  not  including  the  most  anterior  section,  which 
gives  off  as  lateral  outgrowths  the  two  prooephalic  lobes  (pc.[).  The 
changes  so  far  described  are  included  within 
what  Kowalevsky  calls  his  first  embrj'onJc 
period;  at  its  close  the  parts  contained  within 
the  chorion  have  the  arrangement  shewn  in 
fig.  178  B.  The  whole  of  the  body  of  tlie 
embryo  is  formed  from  the  ventral  plate,  and 
no  part  from  the  amnion  or  serous  envelope. 

The  general  history  of  the  succeediug  stagea 
may  be  briefly  told. 

The  appendages  appear  as  very  small  rudi- 
ments at  the  close  of  the  last  stage,  but  soon 
become  much  more  prominent  (tig.  180  A). 
They  ase  formed  as  outgrowths  of  both  layers, 
and  arise  nearly  simultaneously.  There  are  in 
all  eight  pairs  of  appendages,  The  anterior 
or  antennee  (at)  spring  from  the  procephalic 
lobes,  and  the  succeeding  appendages  from  the 
segments  following.  The  last  pair  of  embryonic 
appendages,  which  disappears  very  early,  is 
formed  behind  the  thini  ])air  of  the  future 
thoracic  limbs.  Pwred  epiblaslic  involutions, 
shewn  as  pits  in  the  posterior  segments  in  fig.  180  A,  give  rise 
t«  the  trachea;;  and  the  nervous  system  is  formed  as  two  lateral 
epiblastic  thickenings,  one  on  each  side  of  the  mid-ventral  line. 
These  eventually  become  split  off  from  the  skin ;  while  between  them 
there  passes  in  a  median  invagination  of  the  skin  (fig.  IS,"*  C).  The 
two  nervous  strands  are  continuous  in  front  with  the  supra-oesophafreal 

fanglia,  which  are  formed  of  the  epiblast  of  the  procephalic  tobea. 
"hese  plates  gradually  grow  round  the  dorsal  side  of  the  embryo,  and 
there  is  formed  immediately  behind  them  an  oral  invagination,  in  front 
of  which  there  appears  an  upper  lip  (fig.  ISO,  Is).  A  proctoiiieum  is 
formed  at  the  hind  end  of  the  body  slightly  later  than  tlie  stomo- 
dsum.  The  mcsoblast  cells  become  divided  into  two  bands,  one  on 
each  side  of  the  middle  line  (fig.  1 89  A),  and  split  into  splanchnic  and 


lip  HTDiuipnn.rB  r 

Tuxi.    HURr*cR.      (Alter 
Kowalovuky.) 

pf.I.  pcooepbnlio  lobe. 
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somatic  layers.    Tiie  central  yolk  niaaa  at  alioiit  the  stage  represonteil 

ia  tig.  179  begins  to  break  up  into  yolk  sphere.s.     The  hypoblast  is 

formed  first  on  the  ventral  side  at  the  junction  of  the  raeaoblast  and 

the   yolk,  and   gradually  extends   and  forms  a   complete  sack-like 

mesenteron,  enveloping  the  yolk  (fig.  185  al).   The  amnion  and  serous 

membrane  retain  their  primitive   constitution  ft>r  some  time,  but 

gradually  become  thinner  on  the  ventral  surface,  where  a  rupture 

appears  eventually  to  take  place.    The 

greater  part  of  them  disappeai-s,  but  in 

the  closure  of  the  dorsal  parietes  the 

serous  envelope  plays  a  peculiar  part, 

which   is   not   yet  understood.     It  is 

described   on   p.  335.     The   heart   is 

formed   from   the   mesohlastic   layers, 

where  they  meet  in  the  middle  dorsal 

line  (fig.  185  C.  /(()■     The  somatic  mc- 

Boblast  gives  rise  to  the  muscles  :iiiil 

connective  tissue,  and  the  splanchnic 

niesoblast  to  the  muscular  part  of  the* 

wall   of  the   alimentary   tract,  which 

accompanies  the  hypoblast  in  its  growth 

round  the  yolk.  The  proctodatura  forms 

the   rectum  and   Matpighian  bodies', 

and   the  stomodeeuni   the   uesophagus 

and  proven tri cuius.   The  two  epiblastic 

sections   of  the  alimentary  tract   are 

eventually  placed   in   communication 

with  the  mesenteron. 

The  development  of   Hydrophilus     Kow»Ievrty.) 
is  a  fair  type  of  that  of  Insects  gene-         ''■  l*''^'""; 
rally,  but  it  is  necessary  to  follow  with 
somewhat  greater  detail  the  compara- 
tive history  of  the  various  parts  which  have  been  briefiy  described 
for  this  type. 

The  embryonic  meinbraues  and  the  formation  of  the  laife-rs. 

All  Insects  have  at  the  close  of  segmentation  a  blastoderm  formed 
of  a  single  row  of  cells  enclosing  a  central  yolk  mass,  which  usually 
contains  nuclei,  and  in  the  PoduridiB  is  divided  up  in  the  ordinary 
segmentation  into  distinct  yolk  cells.  The  first  definite  structure 
formed  is  a  thickening  of  the  blastoderm,  which  forms  a  ventral 
plate. 

The  ventral  plate  is  very  differently  Hitnated  in  relation  to  the  yolk  in 
different  tyjwa.  In  moat  Diptera,  Hynicnoptem  and  (1)  Neuroptera  (Phry- 
ganea)  it  fonns  fram  the  first  a  thickening  extentling  over  nearly  tl)« 

'  Tliia  bru  not  bwn  shewn  in  [lie  •■»«  of  Hydropliilas. 
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whole  veuti'al  surface  of  the  ovum,  aiid  iu  nianj  cases  ext«iida  in  its  sQt>- 
sequent  f^wth  not  only  over  the  whole  ventral  surface,  but  over  a  oou- 
aiderable  part  of  the  apparent  dorxal  aurfsce  aa  well  (Chironomus,  Simulia, 
Gryllotalpn,  etc.).  In  Coleopt«ra,  su  far  as  is  kuown,  it  couunencee  bs  a  1«m 
extended  thickening  either  of  the  central  jiart  (Donacia)  or  posterior  pttrt 
(HydrophiluH)  of  the  ventral  surface,  and  gradually  growa  in  both  diroe- 
tions,  ]>as)tiiig  over  to  the  dorbal  surface  behind. 

Embryoiiic  membraQes.  Iu  tlie  majority  of  Insects  there  are 
developed  enveloping  membranes  like  those  of  Hydniphilus. 

The  typical  mode  of  formation  of  these  membranes  is  represented 
diagram  rnatically  in  fig.  181  A  and  B,  A  fuld  of  the  blastoderiit  arisefl 
round  the  edge  of  the  Tentral  plate.  This  fold,  like  the  amniotic  fold 
of  the  higher  Vertebrata,  is  formed  of  two  limbs,  an  outer,  the  serous 
membrane  (««),  and  an  inner,  the  true  amnion  (am).  Both  limbs  ex- 
tend so  as  to  cover  over  the  ventral  plate,  and  finally  meet  and  coalesce, 
so  that  a  double  membrane  is  present  over  the  ventral  plate.  At  the 
aame  time  (fig.  181  B)  the  point  where  the  fold  originates  is  carried 
dorsalwards  by  the  dorsal  extension  of  the  edges  of  the  ventral  plate, 
which  give  rise  to  the  dorsal  integument  (d.t).  This  process  continues 
till  the  whole  dorsal  surfece  is  covered  by  the  integument.  The 
amnion  then  separates  from  the  dorsal  integument,  and  the  embryo 
becomes  enveloped  in  two  membranes — an  inner,  the  amuion,  and  an 
outer,  the  serous  membrane.  In  tig.  181  E  the  embryo  is  repre- 
sented at  the  stage  immediately  preceding  the  closure  ufthe  dorsal 
surface. 

By  the  time  that 
these  changes  are 
effected,  the  serous 
membrane  and  am- 
nion are  both  very 
thin  and  not  easily 
separable.  The  am- 
nion appears  to  be 
usually  absorbed  be- 
fore hat.ching ;  but 
in  hatching  both 
membiaues,  if  pre- 
sent, are  either  ab- 
sorbed, or  else  rup- 
tured and  throw  a 
off. 

Tlie    above   mode 

plate.    The  yolk  is  rcprewnted  m  di>ided     ^f      development      of 

Id  B  the  lideB  of  the  TCDtral  pUlc  have     the  embryonic    mem- 

■\y  to  complete  the  dorsal  inteKument.     branes  has  been  espe- 

cially  established    by 

the  researches  of  Kow- 

alevskv  (No.  4r6)  and 


In  A  the  amniotic  foldu  have  uol  quite 
ooTcnr  tbs  ventral  plate.  The  rolk  is  rcprewoted  m  diiided 
into  yolk  calli.  '  "  ■•  ■ ' 
extended  lo  aa  nearlj'  to  compl 
The  meaenteroQ  is  loprewnled  an  a  clon^  taclc  filled  with 
ytiXk  eelli.  an.  amnion;  it.  serons  euTelopc;  v.p.  ven- 
tnl  [dstei  d.i.  dorsal  iDtegameDt ; 
i.  prm'l(vl»^m, 


TR  AC  HE  AT  A. 


333 


Qrab«r  (No.  412)  for  various  Hjmenoptera  {Ayii),  Diptera  {Chirtmomvs), 
Lepidojitera  and  Coleoptera  {Afelolom/ta,  Lina). 

Considerable  Toriations  ia  the  developmeDt  of  the  enveloping  metn- 
branea  are  kuown. 

When  the  fuld  which  gives  rise  to  the  membranes  is  first  formed,  there 
is,  as  ia  obvioiu  in  tig.  181  A,  a  perfectly  free  passage  by  which  the  yolk 
can  pass  in  between  the  amnion  and  serous  membrane.  Such  a  passage  of 
the  yolk  between  the  two  membranes  takes  place  posteriorly  in  Hydro- 
philua  and  Dooacia :  in  Lepidoptera  the  yolk  passes  in  everywhere,  so  that  in 
this  form  the  venti-al  plate  becomes  first  of  all  imbedded  in  the  yolk, 
and  finally,  on  the  completion  of  the  dorsal  integument,  the  embryo  is 
enclosed  in  a  complete  envelope  of  yolk  contained  between  the  amnion 
and  the  serous  membrane.  During  the  formation  of  the  dorsal  integument 
the  external  yolk  sack  communicates  by  a  dorsally  situated  umbilical  canal 
with  the  yolk  cavity  within  the  body.  On  the  rupture  of  the  amnion 
the  embryo  is  nourished  at  the  expense  of  the  yolk  contained  in  the  ex- 
ternal yolk  sack. 

In  the  Hemiptera  and  the  Libellulidn  the  ventral  plate  also  beoomes 
imbedded  in  the  yolk,  but  in  a  somewhat  different  fashion  to  the  Lepido- 
ptera,  which  more  resembles  on  an  exaggerated  scale  what  takes  place  in 
Hydrophilus. 

In  the  Libellulide  (Co/o- 
pteiyx)  there  is  first  of  all 
formed  (Brandt,  No.  403)  a 
small  ventral  and  posterior 
thickening  of  the  blastoderm 
(fig.  162  A).  The  hinder 
part  of  this  becomes  in- 
folded into  the  yolk  as  a 
projection  (fig.  182  B),  which 
eousists  of  two  lamin»,  an 
anterior  and  a  posterior, 
continuous  at  the  apex  of 
the  invagination.  The  whole 
structure,  which  is  com- 
pletely imbedded  within  the 
yolk,  rapidly  grows  in  length, 
and  turns  towards  the  front 
end  of  the  egg  (fig.  182  C). 
Its  antmor  lamina  remains 
thick  and  gives  rise  to  the 
ventral  plat«  (pt),  the  poe- 
t«rior  (am)  on  the  other 
hand  becomes  very  thin,  and 
forms  a  covering  correspond- 
ing with  the  amnion  of  the 
mora  ordinary  types.  The 
remainder  of  the  blastoderm 
covering  the  yolk  (m)  forms 
the  homologue  of  the  serous 
membrane  of   other  types. 


Fm.  183.      Three  mate  in  ' 

•  TBE  EXBBTO  OF  CtlJlPTKBIX.      (AftBI  Bnndt.) 

The  embiyo  is  represented  in  the  ^g-shell. 

A.  Embryo  wilb  ventral  pUte. 

B.  Coinmeneing  involnlion  of  Tentrol  plate. 
C    Involntion  of  ventral  plate  completed. 

p:  ventral  plate;  g.  edge  of  ventral  plate;  t 
mnion;  te.  ierons  envelope. 
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Tlic  veutt-al  surface  of  the  ventral  plate  is  turntid  towiu^H  the  dorvil  aide 
(retuining  the  same  nomenclature  as  in  ordiniiry  castw)  of  the  egg,  aud 
the  cephalic  extremity  ia  aituated  at  the  [wiut  of  origin  o£  the  infolding. 

The  fnrther  hiiiloty  is 
howeverMomewhat  peculiur . 
The  amnion  is  at  first  (fi|;. 
182  C)  oontinuoua  with  tho 
serouH  envelope  on  the  pos- 
terior side  only,  so  that  tlia 
seroUH  envelope  does  not 
fonn  a  continuous  aaok,  but 
has  an  o|)ening  ulose  to  the 
head  of  the  embryo.  In 
the  Hemiptem  juiniBibi  this 
opening  (Mt^lnikov,  No, 
413)  reniuinn  ])ermanent, 
and  the  euibryo,  after  it 
hoa  reached  a  certain  stage 
of  development,  beoomrs 
everted  through  it,  while 
the  yolk,  enclosed  in  the 
continuous  membrane  form- 
ed by  the  amnion  and 
serous  envelope,  forms  s 
yolk  sack  on  the  dor^ 
surface.  In  the  Libellulidas 
however  and  most  Heini- 
]it«i-a,  a  fusion  of  the  two 
liinbs  of  the  serous  mem- 
brane  t«keB  place  in  the 
usual  way,  ao  ati  to  Donvert 
it  into  a  completely  closed 
sack  (fig,  ]«3  A).  After 
the  formation  of  the  ajv 
jiendoges  a  fusion  takes  place  between  the  amnion  and  serous  envelope 
over  a  small  aren  clow  to  the  head  of  the  enibiyo.  In  the  middle  of  this 
area  a  rupture  is  then  cfiected,  and  the  head  of  the  embryo  followed  by  the 
body  is  gradually  pushed  through  tho  o|K.-niug  (fig.  183  B  and  C).  The 
embryo  beconiee  in  the  process  completely  rotAt^,  and  uanied  into  & 
|>ofiition  in  the  egg-shell  identical  with  that  of  the  embryos  of  other  orders 
of  Insects  (fig.  1H3  C). 

Owing  to  tlie  rupture  of  the  enibryunit.'  envelopes  taking  place  at  the 
point  where  they  are  fused  into  one,  the  yolk  does  not  escajie  in  the  abovs 
process,  but  is  carried  into  a  kind  uf  yolk  saok,  on  the  doraol  surface  of  the 
embryo,  formed  of  tlie  remains  of  the  amnion  and  serous  envelope.  The 
walls  of  the  yolk  sack  either  assist  in  forming  the  dorsal  parietes  of  the 
body,  or  are  more  prol«ibly  enclosed  within  the  body  by  the  growth  of  the 
dorsal  parietes  from  the  edge  of  the  veutnl  plate. 

In  Hydfophilus  and  apparently  in  the  I'hryganidte  also,  there  are 
certain  remarkable  jteculiiirities  in  the  closure  of  the  dorsal  surface.  n« 
fullest  obntTVations  on  the  subject  have  been  made  by  Kowstevsky  (No.  4t6), 


Pm.  183.    TsBiK  iTAnss  iM  ; 
OF  CxuiirrBBTi.     (Aftur  Brandt.) 

The  enbr.vo  in  represeDled  in  tbe  egg-ghcUi  B. 
wnd  C.  shew  Uie  iovcreiuu  of  the  embryo. 

It.  (eroui  envelape :    am.  uimion;    ab,  sbilomeii; 


ofl.^«: 


ir  md  □[  bead ;  1 

uUa  1 ;   nil',  maiilla^: 
te.  (CBO{)tiiigus. 
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but  Dohm  (No.  408)  has 
with  BOiue  jirobabiJitj 
thrown  dotibbi  on  Kowa- 
levakv'B  interpretation  b. 
According  to  Dobrn  the 
part  of  the  BoroUB  envelojie 
which  covers  the  dorsal 
Burface  becomes  thickened, 
&nd  gives  rise  to  a  peculiar 
dorsal  plate  which  is  shewn 
In  surfiice  viow  in  fig.  1S4 
A,  do,  and  in  section  in  fig. 
185  A,  do.  The  ventral 
parts  of  the  amnion  and 
Herousmembranehaveeither 
been  ruptured  or  liave  di— 
appem-ed.  While  the  dorsal 
plate  is  l>eing  formed,  the 
meaoblast,  and  aouiewhnt 
lat^-r  the  lateral  parts  of 
the  epiblast  of  the  ventral 
plate  gradually  grow  towards  the  dorsal  side  and  enclose  the  dorsal  plate, 


Konalevaky.) 

do.  dorsal  organ 


\ 

^^H  A.   Section  through  the  posterior  part  or  the  body  of  the  some  age  as  fig.  184  A. 

^^H  B.   Section  through  the  enibrjo  of  the  same  age  as  fig.  184  C. 

^^H  C.   Seclioa  through  a  still  older  embryo. 

^^H  do,  dorulpkle;  i-it,  ventral  nerve  cord :  al.  metentoroni  hi,  heail. 

^^H  The  Uri;e  Bpncea  at  the  sides  are  fails  ot  th«  hod;  uavity. 
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the  wall  of  which  in  the  prooeiw  appears  to  be  folded  over  so  as  first  of 
all  to  form  a  groove  and  tinully  a  canal.  The  stages  in  this  growth  aru 
shewn  from  the  surface  in  fig.  184  B  and  C  anil  in  section  ia  fig.  185  B,  do. 
The  canal  is  buried  on  the  dorsal  part  of  the  yolk,  but  for  some  time  re- 
mains open  by  a  round  aperture  in  front  (fig.  184  C).  The  whole  structnr« 
ia  known  as  the  dorsal  caual.  It  appears  to  atrophy  without  leavtnf;  k 
traw.     The  heart  when  formed  lies  immediately  dorsal  to  it'. 

In  the  Poduridie  the  embryonic  raembraneu  appear  to  be  at  any  rate 
imperfect.  Metscbnikoff  states  in  his  pa|ier  on  Geophilus  tbat  in  some 
ants  no  true  embryonic  ini'mbranes  are  found,  but  merely  scattered  cells 
which  take  their  place.  In  the  Ichneuiuonidae  the  existence  of  two 
embryouic  membranes  is  rery  doubtful. 

Formation  of  the  embryonic  layers.    The  formatiou  of  the  layers 

Ijaa  beeu  stmiieil  in  sections  by  Kowalevsky  (No.  416),  Hatscoek 
(No.  414),  and  Graber  (No.  41Z),  etc.  From  thfir  reBcan-bes  it  wontd 
appear  that  the  formation  of  the  mesohlast  always  takes  place  iu  a 
manner  closely  resembling  tbat  in  Hydrophiius.  The  eseeiUia] 
features  of  the  process  (figs.  177  and  178)  appear  to  be  that  a  groove 
is  formed  along  the  mediao  line  of  the  ventral  plate,  and  that  the 
sides  of  this  groove  either  (1)  simply  close  over  Uke  the  walls  of 
the  medullary  groove  in  Vertebrates,  and  so  convert  the  groove  into 
a  tube,  which  soon  becomes  solid  and  forms  a  mass  or  plate  of 
cells  internal  to  the  epjblast ;  or  (2)  that  the  cells  on  each  siile  of  the 
groove  grow  over  it  and  meet  in  the  middle  lino,  forming  a  layer 
external  bo  the  cells  which  lined  the  groove.  The  former  of  those 
processes  is  the  most  usual ;  and  in  the  Muscidie  the  dimensions  of 
the  groove  are  very  considerable  (Graber,  No,  411).  In  both  cases 
the  process  is  fundamentally  the  same,  and  causes  the  ventral  plate 
to  become  divided  into  two  layers'.  Tlie  external  layer  or  epiblast  is  an 
uniform  sheet  forming  the  main  part  of  the  ventral  plate  (fig.  178 
B,  ep).  It  is  continuous  at  its  edge  with  the  amnion.  The  inner 
layer  or  mesoblast  constitutes  an  independent  plate  of  cells  internal 
to  the  epiblast  (fig,  178' B,  vu).  The  mesoblast  soon  becomes  divided 
into  two  lateral  bands. 

The  origin  of  the  hypoblast  is  still  in  dispute.  It  will  be  remem- 
bered {vide  pp.  94  and  95)  that  after  the  segmentation  a  number  of 
nuclei  remain  iu  tlte  yolk  ;  and  that  eventually  a  secondary  segmenta- 
tion of  the  yolk  takes  place  around  these  nuclei,  and  gives  rise  to  a 
mass  of  yolk  ceils,  which  fill  up  tl>e  interior  of  the  embryo.  These 
cells  are  diagrammatical ly  shewn  in  figs.  181  and  189,  and  it  is 
probable  that  they  constitute  the  true  hypoblast.  Tlieir  further 
history  is  given  below. 


I  AccoriiiiR  lo  Knwalerik;  tlie  history  of  the  dorsal  plate  is  BOmeohBt  d 
He  belinvfs  that  oa  the  abftocption  of  tho  annuon  Uiu  ventral  pUte  unitei  with  lh« 
MroUB  meiobrBne.  anJ  that  the  latter  directly  vi"n  rise  to  the  dorsal  integunMnt, 
while  the  thickened  part  uf  it  becnmeii  involuted  to  form  the  dorsal  tab«  tiM»Aj 
ilftscribnJ. 

'  TichomiroS  (Ko.  410)  denies  the  ciiHtcnce  of  a  tme  inTBgioatioD  to  form  Ika 
raenoblMl,  anil  also  asserts  that  a  Beparatiou  of  mesoblast  cells  from  the  epiblaal  tmm 
take  |ila(v  at  other  jiarts  besides  the  median  ventral  line. 


FomuUian  of  the  organs  and  their  relation  to  the  germituU 
layers. 

The  segments  and  appendages.  Ooe  of  the  earliest  phenomena 
in  the  development  ia  the  appearance  of  transverse  Unes  in<]icatinK 
segmentation  (fig.  186).  The  transverse  lines  are  apparently  cauaea 
hr  shallow  superficial  grooves,  and  also  in  many  cases  by  the 
division  of  the  mesoblastic  bands  into  separate  somites.  The  most 
anterior  line  marks  off  a  prse-oral  segment,  which  soon  sends  out  two 
lateral  wings — the  procephalic  lobes.  The  remaining  segments  are 
at  first  fairly  unifonu.  Their  number  does  not,  however,  appear  to 
be  very  constant.  So  far  as  is  known  they  never  exceed  seventeen, 
and  this  number  is  probably  the  typical  one  (figs.  186  and  187). 

Ih  Diptera  the  number  appears  to  be  usually  fifteen  though  it  may  be 
only  fourteen.     In  Lepidoptei'a  and  in  Apis  there 
appear  to  be  sixteen  segmeutf.     These  and  other 
variations  afiect  only  the  number  of  the  segmeuU 
which  form  the  abdomen  of  the  adult. 

The  appendages  arise  as  paired  pouch-like 
outgrowths  of  the  epiblast  and  mesoblast ;  and 
their  number  and  the  onler  of  their  appearance 
are  subject  to  considerable  variation,  the  mean- 
ing of  which  is  not  yet  clear.  As  a  rule  they 
anse  subsequently  to  the  segmentation  of  the 
parts  of  the  body  to  which  they  belong.  There 
IS  always  formed  one  pair  of  appendages  which 
spring  from  the  lateral  lobes  of  the  procephalic 
region,  or  from  the  boundary  line  between 
these  and  the  median  ventr^  part  of  this 
region.  These  appendages  are  Uic  antennae.  Fio.  lee.  Embbto 
They  have  in  the  embryo  a  distinctly  ventral 
position  as  compared  to  that  which  they  have 
in  the  adult. 

In  the  median  ventral  part  of  the  pro- 
cephalic region  there  arises  the  labrum  (fig. 
187,  l»].  It  is  formed  by  the  coalescence  of  a  pair  of  prominences 
very  similar  to  tnie  appendages,  though  it  is  probable  that  they  have 
not  this  value'. 

The  antennis  themselves  can  hardly  be  considered  to  have  the 
same  morphological  value  as  the  succeeding  appendages.  They  are 
rather  equivalent  to  paired  processes  of  the  pne-oral  lobes  of  the 
Cbsetopoda. 

>  It  tiieae  Btmctures  Kie  equivalent  to  appendages,  tbej  ma;  correspond  to  one  of 
tbe  pairs  ot  antennEB  of  CruatacEa.  From  a  Qgnre  by  Fritz  Miiller  of  the  larva  of 
Calotennee  (Jtnaiiche  Zeit,  Vol.  il.  pi.  II,  flg.  13)  it  wonld  appear  thftt  tbe;  lie  in 
front  of  tbe  true  antenna,  and  nould  therefore  on  the  above  hypotheHis  coireiipond  to 
the  firet  pair  of  antemue  of  Croataoea.  Bdtschli  (No.  405)  deaoriboB  in  the  Bee  a  pair 
of  prominenoea  iiniaediate^  in  front  of  the  tnandlbles  wlueb  eTcntoally  nnite  to  {onn 
a  kind  of  anderlip ;  they  in  some  irays  resemble  tme  appendagea. 

HE.  22 
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From   the   first  three   pn«t-oral  segmenta   there   grow   out   the 
nianiliblee  ami  two  paim  of  miixilliB,  uud  from  the  three  Followti^ 
segmeats   the   throe  paint  of  thonunc 
Ji  B  appeodages.    In  many  Insects  (cf.  Hy- 

drophilu8)  a  certain  Dumbtr  of  appen- 
of  the  same  nature  as  the  an- 
terior oocs  are  visible  in  the  embryo 
the   abilominal    segments,  a   fact 
hich  shews  that  iDsects  are  descended 
from  ancestors  with  more  than  three 
pairs  of  ambulatory  np{>eDdage9. 

In  Apis  accordiiig  to  Biltsohli  (No^ 
405)  111!  the  nbiloDiiual  ae^'tneuts  are  pro- 
vided with  apj>en(lagea,  which  always  rv- 
niftin  in  a  very  rudimentary  conditioiL 
All  trace  of  tbem  as  well  as  of  the  tbomcic 
appendages  is  lost  by  the  time  the  embryo 
is  hat«htfd.  In  the  phytoiihagous  Hy- 
menojitera  the  larva  is  providwl  with 
9 — 11  pairs  of  legs. 

In  the  euihryo  of  Lepidoptera  th*r« 
would  ap|)ear  from  Kowalevsky's  &gur«a* 
to  he  rudiments  of  ten  pnira  of  post-tho- 
l-ncic  appendHges.  In  the  caterpillar  of 
this  group  there  ore  at  the  maximum  five 
pairs  of  such  rudimentary  feet,  m.  a  pair 
on  the  3rd,  4th,  5th,  and  6th,  and  on  the 
last  abflominal  segment.  The  embryos 
of  HjdrophUuH  (fig.  187),  Mantis,  eU. 
are  also  provided  with  additional  appendages.  In  various  Thysanura  small 
prominences  are  j>reHent  on  more  or  fewer  of  the  abdominal  segmeuts 
(fig.  X'yi),  which  may  probably  be  regarded  as  rudimentary  feet. 

Whether  all  or  any  of  the  ajipendages  of  various  kinds  connected  with 
the  binilermoBt  segments  belong  to  the  same  category  as  the  legs  is  very 
doubtful.  Their  usual  absence  in  the  embryo  or  in  any  case  their  late 
appearance  appears  to  mt^  against  so  regarding  them ;  but  Bilttichli  ia  of 
opinion  that  in  the  Bee  the  [tarts  of  the  sting  are  related  genetically  to  the 
a]»peiidages  of  the  penultimate  and  ante|jenultimiite  abdominal  segnio&to, 
and  thin  view  is  to  some  extent  snpporteil  by  more  recent  observatjuna 
(Kraejwiin,  etc.),  and  if  it  holds  true  for  the  Bee  must  be  regarded  as 
Oorroct  for  other  cases  also. 

As  to  die  order  of  the  a[ipearance  of  the  apjiendages  oliservations  are 
M  yet  too  scanty  to  form  any  eomjilete  scheme.  In  ninny  rases  all  tlw 
appendagra  ap|>car  approximately  at  the  aniiie  moment,  e.;/.  Hydrophiliis, 
but  whether  this  holds  good  for  all  Coleoptera  is  by  no  means  certain. 
In  Apis  the  ajipcndages  ai-e  stated  by  Biitochli  to  arise  simultnnnonsly, 
but  nccordiug  to  Kowulevsky  the  two  mouth  sjipeudages  first  appear, 
tlien  the  ant^nnte,  and  still  Inter  the  thoracic  appendages.  In  the  Diptor* 
the  mouth  appendages  are  first  formed,  and  either  simultaneously  with  tJiea^ 
or  slightly  lat«r,  the  antennie.     In  the  Hemiptera  and  Libellulid«  tli» 


Fio.  187.    Two  STAUES  1; 

flKL-i.       (From    Uoguiibauj, 
Kowaleviiky.) 

li.  labntm;  al.  sntenna; 
nuuiiliblei  nu-.  maxilla  L;  li. 
ilia  II.:  p'l'"p"'-  '»«;  o.  anu 
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thoracic  appendtigea  nre  tlio  Grst  to  bo  formed,  wid  the  second  pair  of 
luoxillEe  makes  iis  appearance  before  the  uther  cephalic  appendagea. 

The  hJHtoiy  of  the  changes  in  the  embryonic  appendages  during  the 
attainment  of  the  adult  condition  is  beyond  the  scope  of  this  treatise,  but 
it  iniiy  be  noted  that  the  second  pair  of  maxilla  are  relatively  verj  large 
in  the  embryo,  and  not  infrequently  (Libellula,  etc)  have  more  resemblance 
to  the  ambulatory  than  to  the  masticatory  Hppend'iges. 

The  exact  niiture  of  the  wings  and  their  reiatiou  to  the  other  Bcgments 
is  still  very  obscure.  They  appear  as  dorsal  leaf-like  apiieiidages  on  the 
2nd  and  3rd  thoracic  segments,  and  arc  in  many  respects  similar  to  the 
tracheal  gills  of  the  larviB  of  Ephemeridie  and  Phryganidie  (fig.  188  A),  of 
which  they  are  supiJosed  by  Uegenbaur  and  Lubbock  to  be  modifications. 
The  undoubtedly  secondary  character  of  the  ehmeti  tracheal  system  of  larvEe 
with  tracheal  gills  tells  against  this  view.  Fritz  Muller  finds  in  the  larva> 
of  Ualotermes  rugosiis  (one  of  the  Termites)  that  peculiar  and  similar  dorsal 
appendages  are  present  on  the  two  anterior  of  the  thoracic  segmeiitM. 
They  are  without  tracheae. 

The  anterior  atrophies,  and  A  f  R 

the  posterior  acquires  tra- 
chete  and  gives  rise  to  tlie 
first  pair  of  wings.  The 
second  pair  of  wings  is 
formed  from  small  processes 
on  the  third  thoracic  seg- 
ment like  those  on  the  other 
two,  Fritz  MUller  concludes 
from  these  facts  that  the 
wings  of  Insects  are  deve- 
loped from  doi-tial  processes 
of  the  body,  not  equivalent 
to  the  ventral  appendages. 
What  the  primitive  function 
of  these  appendages  was  ia 
not  clear,  Fritz  Mflller  sug- 
gests that  they  may  have 
been  employed  as  respiratory 
organs  in  the  pa.'<sage  from 
an  aqueous  to  a  terrestrial 
existence,  when  the  Ter- 
mite ancestors  lived  in  moist 
habitations — -a  function  (or 
which  processes  supplied 
with  blood -channels  wotdd 
be  well  adapted.  The  un- 
doubted affinity  of  Insects 
»  Myriapods,  coupled 


FlO,    1B8.      FlUUBKS    IIXDHTBITINQ     *0r«TlO     RB- 

IRATIOH  IN  Insects,     (After  UegfDl»ar,) 
A.    Hinder  pertjon   of  tb*>  body  of  Ephemera 
Igsts,      a,  lougitiidinal  trwheal  tnukn;    b.  ali- 
intaryeaniil:  c.  tracheal  gills. 
;       -         ,-,;■,         .  ^-   Ijarva  of  .Eschna   grandis,        a.    Bnp«rior 

the  discovery  by  Moseley  of     longitudinal  tracheal  mmka;  6.  then-  anterior  „u.\: 

tracheal   system   in   Peri-     ''.  portion  biancbing  on  proctodmom ;  o.  eyes. 
patus,    is    however    nearly  *-'-    Alimentary  canal  of  (he  wme  Jar™  from  the 

fatal  to  the  view   that  In-     S^,  ";  *'  "■*  '"  "  '"  ^''  '''  "^'"'"  *'"*''''' 
sects  Cfin    have    sprung   di-     lower  traohpul  trunks. 


a  tiranchee  between  upper  and 
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rectly  Irom  aquatic  anceetora  not  proTJdod  with  trscheie.  But  although  tJiU 
HUggestion  of  Fritz  Miiller  cannot  bo  accepted,  it  ia  atill  poeuble  that  the 
proc«B8es  diBcovered  by  him  may  have  besn  the  earliest  i-udinienta  of  wiogs, 
which  wern  employed  first  as  organs  of  propulHiou  by  a  water- inhabiting 
Insect  ancestor  which  had  uot  yet  acquired  the  |iower  of  flyiug. 

The  nervous  system.  The  nervous  system  aiises  cntii-ely  from 
the  epiblast;  but  the  development  of  the  prac-oral  and  post-oral 
sections  may  be  best  coDsidereJ  separately. 

The  post-oral  section,  or  ventral  cord  of  the  adult,  arises  as  two 
longitudinal  thickeuings  of  the  epiblast,  one  on  each  side  of  the 
median  line  (lig.  189  B,  vn),  which  are  subsequently  split  off  from  the 
superficial  skin  and  give  rise  to  the  two  lateral  stramfs  of  the  ventral 
cord.  At  B.  later  period  they  undergo  a  differentiation  into  ganglia 
and  connecting  cards. 

Between  these  two  embryonic  nerve  cords  there  is  at  first  a  shallow 
furrow,  which  soon  becomes  a  deep  groove  (fig.  1 89  C).  At  this  stage  tbo 
diSerentiution  of  the  lateral  elements  into  ganglia  and  commissures  takes 
place,  and,  according  to  Hatecbek  (No.  414),  the  median  groove  becomes  in 
the  region  of  the  ganglia  couvertod  into  a  canal,  the  walls  of  which  soon 
fuie  with  those  of  the  ganglionic  enlargements  of  the  lateral  cards,  and 
connect  them  across  the  middle  line.  Between  the  ganglia  on  the  Qtb«r 
hand  the  median  groove  undergoes  atrophy,  becoming  first  a  solid  oord 
interposed  between  the  lateral  strands  of  tiie  nervous  system,  and  fixtally 
disappearing  without  giving  rise  to  any  part  of  the  nervous  system.  It 
is  probable  that  Hatschek  is  entirely  mistskeu  about  the  entrance  of  ■ 
median  element  into  the  ventr^  cord,  and  that  the  appearancee  he  has 
desciibed  are  due  to  shrinkage.  In  Spiders  the  absence  of  a  median 
elometit  can  be  shewn  with  great  certainty,  and,  as  nlreudy  stated,  this 
element  is  not  present  in  Peripatus.  Hatschek  states  that  in  the  mandibnlar 
B^nient  the  median  element  is  absorbed,  and  that  the  two  lateral  ocwda 
of  that  part  give  rise  to  the  oesophageal  O'mniissures,  while  the  mxh- 
(esophagi  ganglion  is  formed  from  the  fusion  of  the  ganglia  of  the  two 
maxillary  segments. 

The  proB-oral  portion  of  the  nervous  system  consists  entirely  of  the 
siipra-<Bsophneeal  ganglion.  It  is  formed,  according  to  Hatschek,  of 
three  parts.  Firstly  ami  mainly,  of  a  layer  se[>aTated  from  the  thickened 
inner  part  of  the  cephalic  lobe  on  each  side ;  secondly,  of  an  anterior 
Continuation  of  the  lateral  cords ;  and  thirdly,  of  a  pit  of  skiu  in- 
vaginated  on  each  side  close  to  the  dorsal  border  of  the  antennie.  This 
pit  isat  first  provided  with  a  lumen,  which  is  subsequently  obliterated  ; 
while  the  walls  of  the  pit  become  converted  into  true  ganglion  cells. 
The  two  supra-cesophageal  ganglia  remain  disconnected  on  the  dorsal 
side  till  quite  the  close  of  embryonic  life. 

The  trachea  and  salivary  glands.  The  tracheae,  as  was  first 
shewn  by  Biitsciili  (No.  405),  arise  as  independent  segmen  tally  arranged 
paired  invaginations  of  the  epiblast  (fig.  IHit  B  and  (!,  st).  Tbw 
openings  are  always  placed  on  the  outer  sides  of  the  appendages  of 
their  segments,  where  such  are  present. 
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Although  in  the  adult  Btigmata  are  never  found  in  the  space 
between  the  pro- 
thorax  and  head', 
in  the  embryo 
and  the  larva 
tracheal  inv£^- 
nations  may  oe 
developed  in  all 
the  thoracic  (and 
possibly  in  the 
three  jaw-bearing 
segments)  and  iu 
all  the  abdominal 
segments  except 
the  two  posterior. 

In  the  embryo 
of  the  Lepidoptera, 
according  to  Hat- 
Bcbek  (No.  414), 
there  are  14  pairs 
of  stigmata,  belong- 
ing to  the  14  seg- 
ments of  the  body 
behind  the  mouth; 
but  Tichomiroff 
states  that  Hat- 
Hchek  is  in  error 
in  making  this 
statemont  for  the 
foremost  post-oral 
aegmenta.  The 

last  two  segmenta  g  ^ist'^b"""' 
are  without  stig- 
mata. Intbelarvte 
of  Lepidoptcra  as 
well  as  those  of 
many  Hymenoptera,  Ooleoptera  and  Dipt«ra,  stigmata  are  present  on  all 
tlie  postt^phalio  segments  except  the  3nd  and  3nl  thoracic  and  the  two  last 
abdominal.  In  Apis  there  are  eleven  pairs  of  tracheal  inragiuations  ac- 
cording to  Kowalevsky  (No.  416),  but  according  to  Biitschli  (No.  405)  only 
ten,  the  protborax  being  without  one.  In  the  Bee  tliey  appear  simul- 
taneously, and  before  the  appendages. 

The  blind  ends  of  the  tracheal  invaginations  frequently  (e.17.  Apis) 
unite  together  into  a  coramoo  longitudinal  canal,  which  forma  a 
longitudinal  tracheal  stem.  In  other  cases  {e.g.  Gryllotalpa,  Dohrn, 
No.  408)  they  remain  distinct,  and  each  tracheal  stem  has  a  ayatem 
of  branches  of  its  own. 


(After  KowaleTBkf.) 
1  thioagh  (bo  larva  represented  L 


Fio.  18(1.      Tdhhe    ■ 

A.  TransTSTBe  sectit 
fig.  187  A. 

B.  TrsnHvene  Bootion  through  a  somewhat  idder  embryo 
in  the  region  of  one  of  the  Btigmsta. 

"     ~  3  aettion   tlitoagh  the  larva  repreflentad  in 

ventral  nerve  ooril;  an.  amnion  and  eerouB  mem. 
brane ;  me.  menoblaati  nu.i,  aomatlD  mesoblast;  hy.  hypo- 
btaHt)?!  I  yk.  yolk  cells  (tme  byx>oblaiit};  it.  aligma  of  trachea. 
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The  development  of  the  trachea?  strongly  supports  the  view, 
arrived  at  by  Moseley  from  his  investigations  on  Peripatus,  that  they 
ai'e  modifications  of  cutaneous  glands. 

The  salivary  and  spinning  glands  are  epiblastic  structures,  ¥^bich  in 
their  mode  of  development  are  very  similar  to  the  tracheae,  and  perhaps 
have  a  similar  origin.  The  salivary  glands  arise  as  paired  epiblastic 
invaginations,  not,  as  might  be  expected,  of  the  stomodseum,  but  of  the 
ventral  plate  behind  the  mouth  on  the  inner  side  of  the  mandibles. 
At  first  independent,  they  eventually  unite  in  a  common  duct, 
which  falls  into  the  mouth.  The  spinning  gLands  arise  on  the  inner 
side  of  the  second  pair  of  maxillse  in  Apis  and  Lepidoptera,  and  form 
elongated  glands  extending  through  nearly  the  whole  length  of  the 
body.  They  are  very  similar  in  their  structure  and  development  to 
salivary  glands,  and  are  only  employed  during  larval  life.  They  no 
doubt  resemble  the  mucous  glands  of  the  oral  papillae  of  Peripatus, 
with  which  they  have  been  compared  by  Moseley.  The  mucous 
glands  of  Peripatus  may* perhaps  be  the  homologous  organs  of  the 
first  pair  of  maxillae,  for  the  existence  of  which  there  appears  to  be 
some  evidence  amongst  Insects. 

Hesoblast.  It  has  been  stated  that  the  mesoblast  becomes  divided 
in  the  region  of  the  body  into  two  lateral  bands  (fig.  189  A).  These 
bands  in  many,  if  not  all  forms,  become  divided  into  a  series  of 
somites  corresponding  with  the  segments  of  the  body.  In  each  of 
them  a  cavity  appears — the  commencing  perivisceral  cavity — which 
divides  them  into  a  somatic  plate  in  contact  with  the  epiblast,  and  a 
splanchnic  plate  in  contact  with  the  hypoblast  (fig.  189).  In  the 
iuterspiu;es  between  the  segments  the  mesoblast  is  continuous  across 
the  median  ventral  line.  The  mesoblast  is  prolonged  into  each  of  the 
appendages  as  these  are  formed,  and  in  the  appendages  there   is 

E resent  a  central  cavity.  By  Metschnikoff  these  cavities  are  stated  to 
e  continuous,  .as  in  Myriapods  and  Arachnida,  witli  those  of  the 
somites  ;  but  by  Hatschek  (So,  414)  they  are  stated  to  be  independent 
of  those  in  the  somites  and  to  be  open  to  the  yolk. 

Tlio  further  dotaiU  of  the  history  of  the  mesoblaHt  are  very  imperfectly 
known,  and  the  fullest  account  we  have  is  that  by  Dohm  (No.  408)  for 
(lr}*llotul|Ni.  It  would  ap|>ear  tbat  the  mesoblaHt  growu  round  and  encloses 
the  dorsal  side  of  the  yolk  earlier  tban  the  epiblast.  In  (Yrvllotid|Mi  it 
fonuH  a  pultuiting  membrane.  Am  the  epihlust  cxtendH  dorsidwardd  tlie 
nie<lian  dor»al  part  of  the  membrane  is  conKtiicted  off  as  a  tube  which 
fonns  the  heart.  At  the  Hame  time  the  free  space  between  the  pulsating 
membrane  and  the  yolk  is  obliterated,  but  tnmsver>e  passageH  are  left  at 
the  linos  bi'tween  the  Homites,  through  wliich  the  bloixl  passes  from  the 
ventral  |>art  of  tlic  botly  to  corre8i)onding  oj^enings  in  the  wall  of  the 
lieart.  The  greater  part  of  the  membrane  gives  rise  to  the  muscles  of  the 
trunk. 

Ventrallv  the  meHoblastic  hands  soon  meet  aci'OKH  the  median  line. 
The  cavities  in  the  ap|»endage8  l>ecomc  obliterated  and  their  mesoblastic 
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walls  form  the  muscles,  etc.     The  cavities  in  the   separate   mesoblastic 
somites  also  cease  to  be  distinctly  circumscribed. 

The  splanchnic  mesoblast  follows  the  h}'poblast  in  its  growth,  and  gives 
rise  to  the  connective  tissue  and  muscular  parts  of  the  walls  of  the  ali- 
mentary tract.  The  mesoblastic  wall  of  the  proctodseum  is  probably  formed 
independently  of  the  mesoblastic  somites.  In  the  head  the  mesoblast  is 
stated  to  form  at  first  a  median  ventral  mass,  which  does  not  pass  into  the 
procephalic  lobe ;  though  it  assists  in  forming  both  the  antennas  and  upper 
lip. 

The  alimentaxy  canaL  The  alimentary  tract  of  Insects  is  formed 
ofthree  distinct  sections  (tig.  181) — ameseut^ron  or  middle  section  (rw«), 
a  stomodoL'um  {st)  and  a  proctodbBum  {an).  The  stomodseum  and 
proctodiieum  are  invaginations  of  the  epiblast,  while  the  mesenteron  is 
lined  by  the  hypoblast.  The  distinction  between  the  three  is  usually 
well  marked  in  the  adult  by  the  epiblastic  derivatives  being  lined 
by  chitin.  The  stomodaeum  consists  of  mouth,  oesophagus,  crop,  and 
proventriculus  or  gizzard,  when  such  are  present.  The  mesenteron 
includes  the  stomach,  and  is  sometimes  (Orthoptera,  etc.)  provided  at 
its  front  end  with  pyloric  diverticula — posteriorly  it  terminates  just 
in  front  of  the  Malpighian  bodies.  These  latter  fall  into  the  procto- 
daeum,  which  includes  the  whole  of  the  region  from  their  insertion  to 
the  anus. 

The  oral  invagination  appears  nearly  coincidently  with  the  first 
formation  of  segments  at  the  front  end  of  the  groove  between  the 
lateral  nerve  cords,  and  the  anal  invagination  appears  slightly  later 
at  the  hindermost  end  of  the  ventral  plate. 

The  Malpighian  bodies  arise  as  two  pairs  of  ovtgrowths  of  the 
epiblast  of  tlie  proctodceum,  whether  solid  at  first  is  not  certain.  The 
subsequent  increase  which  usually  takes  place  in  their  number  is  due 
to  sproutings  (at  first  solid)  of  the  two  original  vessels. 

The  glandular  walls  of  the  mesenteron  are  formed  from  the  hypoblast ; 
but  the  exact  origin  of  the  layer  has  not  been  thoroughly  worked  out  in  all 
cases.  In  Hydrophilus  it  is  stated  by  Kowalevsky  (No.  416)  to  appear  as 
two  sheets  split  off  from  the  lateral  masses  of  mesoblast,  which  gradually 
grow  round  the  yolk,  and  a  similar  mode  of  formation  would  seem  to  hold 
good  for  Apis.  Tichomiroff  (No.  420)  confirms  Kowalevsky  on  this  point, 
and  fui*ther  states  that  these  two  masses  meet  first  ventrally  and  much 
later  on  the  doi'sal  side.  In  Lepidoptera,  on  the  other  hand,  Hatschek 
finds  that  the  hy})ob]ast  arises  as  a  median  mass  of  polygonal  cells  in  the 
anterior  part  of  the  ventral  plate.  These  cells  increase  by  absorbing  material 
from  the  yolk,  and  then  gradually  extend  themselves  and  gi'ow  round 
the  yolk. 

Dohrn  (No.  408)  believes  that  the  yolk  cells,  the  origin  of  which  has 
already  been  spoken  of,  give  rise  to  the  hyjwblastic  walls  of  the  mesenteron, 
and  this  view  appears  to  be  shai*ed  by  Graber  (No.  412),  though  the  latter 
author  holds  that  some  of  the  yolk  cells  are  derived  by  budding  from  the 
blastoderm  \ 

'  Graber's  view  on  thin  point  may  probably  be  explained  I9  rapponiig  ttial  1m  hai 
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From  the  mnalogy  of  Spiden  I  am  indined  to  aooept  Dohm's  and 
Gntber's  view.  It  appears  to  me  probable  that  Kowalevsky's  obaervatiaiia 
are  to  be  explained  by  aappoong  that  the  hjpobkst  plates  which  he  be- 
lieres  to  be  split  off  from  the  mesoblast  are  really  separated  from  the  rolk. 

It  will  be  convenient  to  add  here  a  few  details  to  what  has  already  been 
stated  as  to  the  origin  of  the  yolk  cells.  As  mentioned  above,  the  central 
yolk  breaks  up  at  a  period,  which  is  not  constant  in  the  different  formSy 
into  polygonal  or  rounded  masstfs,  in  each  of  which  a  nucleus  has  in  many 
instanoes  been  clearly  demonstrated  although  in  others  such  nuclei  have 
not  been  made  out.  It  is  probable  however  that  nuclei  are  in  all  cases 
really  present,  and  that  these  masses  must  be  therefore  re^rded  as  cells. 
They  constitute  in  fact  the  yolk  cells.  The  periphery  of  the  yolk  breaks 
up  into  cells  while  the  centre  is  still  quite  homogeneous. 

The  hypoblastic  walls  of  the  mesenteron  appear  to  be  formed  in 
the  first  instance  laterally  (fig.  189  B  and  C,  hy).  They  then  meet 
ventrally  (fig.  185  A  and  B),  and  finally  close  in  the  mesenteron  on 
the  dorsal  side. 

The  mesenteron  is  at  first  a  closed  sack,  independent  of  both 
stomodseum  and  proctodseum  ;  and  in  the  case  of  the  Bee  it  so 
remains  even  after  the  close  of  embryonic  life.  The  only  glandular 
organs  of  the  mesenteron  are  the  not  unfrequent.  pyloric  tubes,  which 
are  simple  outgrowths  of  its  anterior  end.  It  is  possible  that  in  some 
instances  they  may  be  formed  in  situ  around  the  lateral  parts  of  the 
yolk. 

In  many  instances  the  whole  of  the  yolk  is  enclosed  in  the  walls  of  the 
mesenteron,  but  in  other  cases,  as  in  Chirouonius  and  Simulia  (Weismann, 
No.  430;  Metschnikoff^  No.  423),  jiart  of  the  yolk  may  be  left  between  the 
ventral  wall  of  the  n>esenteron  and  the  ventral  plate.  In  Chironomus  the 
mass  of  yolk  external  to  the  mesenteron  takes  the  form  of  a  median  and 
two  latend  streaks.  Some  of  the  yolk  cells  either  prior  to  the  establish- 
ment of  the  mesenteron,  or  derive^l  from  the  unenclosed  portions  of  the 
yolk,  |>aAS  into  the  developing  organs  (Dohm,  408)  and  servo  as  a  kind  of 
nutritive  cell.  They  also  form  blood  corpuscles  and  connective-tissue 
elements.  Huch  yolk  cells  may  be  com{>ared  to  the  peculiar  bodies  de- 
scribed by  Reiclienl)ach  in  Astacus,  which  form  the  secondary  mesoblast. 
Similar  cells  play  a  very  imi)ortant  part  in  the  development  of  Spiders. 

Oenerative  Org^ans.  The  observations  on  the  development  of  the 
generative  organs  are  somewhat  scanty.  In  Diptera  ctiirtain  cells — known 
as  tlic  \K)\c  cells — are  stated  by  both  Metschniloff  (No.  423)  and  Leuck- 
art  to  give  rise  to  the  generative  organs.  Tlie  cells  in  question  (in 
Chironomus  and  Musca  vomitoria  (Weismann,  No.  430)  appear  at  the 
hinder  end  of  the  ovum  before  any  other  cells  of  the  blastoderm.  They 
soon  se[>arato  from  the  hlastodenn  and  increase  by  division.  In  the 
embryo,  produced  by  the  viviparous  larva  of  Cecidomyia,  there  is  at  first 
a  ningle  \to\e  cell,  which  eventually  divides  into  four,  and  the  resulting 
colls  become  enclcme<l  within  the  blastoderm.  They  next  divide  into  two 
masses,  which  ai-e  stated  by  Metschnikoff  (No.  423)  to  become  surrounded 

miHtakcn  a  iiasftaffo  of  >-olk  coIIm  into  the  blastoderm  for  a  passage  of  blastoderm  oaQs 
into  i\w  yolk.  Thu  former  occurrence  takes  place,  as  I  have  found,  largely  in  Spiders, 
and  probably  therefore  also  ocours  in  Insects. 
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by  indifferent  embryonic  cells  ^  Their  protoplasm  then  fuses,  and  their 
nuclei  divide,  and  they  give  rise  to  the  larval  ovaries,  for  which  the 
enclosing  cells  form  the  tunics. 

In  Aphis  Metschnikoff  (No.  423)  detected  at  a  very  early  stage  a  mass 
of  cells  which  give  rise  to  the  generative  organs.  These  cells  are  situated 
at  the  hind  end  of  the  ventral  plate ;  and,  except  in  the  case  of  one  of  the 
cells  which  gives  rise  by  division  to  a  green  mass  adjoining  the  fat  body, 
the  protoplasm  of  the  separate  cells  fuses  into  a  syncytium.  Towards  the 
close  of  embryonic  life  the  syncytium  assumes  a  horse-shoe  form.  The  mass 
is  next  divided  into  two,  and  the  peripheral  layer  of  each  part  gives  rise 
to  the  tunic,  while  from  the  hinder  extremity  of  each  part  au  at  first  solid 
duct — the  egg-tube — grows  out.  The  masses  themselves  form  the  ger- 
mogens.  The  oviduct  is  formed  by  a  coalescence  of  the  ducts  from  each 
germogen. 

Ganin  derives  the  generative  organs  in  Platygaster  {vide  p.  347)  from 
the  hind  end  of  the  ventral  plate  close  to  the  proctodeum  ;  while  Suckow 
states  that  the  generative  organs  are  outgrowths  of  the  proctodeum. 
According  to  these  two  sets  of  observations  the  generative  organs  would 
appear  to  have  an  epiblastic  origin — an  origin  which  is  not  incompatible 
with  that  fi-om  the  pole  cells. 

In  Lepidoptera  the  genital  organs  are  present  in  the  later  periods  of 
embryonic  life  as  distinct  paired  organs,  one  on  each  side  of  the  heart,  in 
the  eighth  postcephalic  segment.  They  are  elliptical  bodies  with  a  duct 
{lassing  off  from  the  posterior  end  in  the  female  or  from  the  middle  in  the 
male.  The  egg-tubes  or  seminal  tubes  are  outgrowths  of  the  elliptical 
bodies. 

In  other  Insects  the  later  stages  in  the  development  of  the  generative 
organs  closely  resemble  those  in  the  Lepidoptera,  and  the  organs  are  usually 
distinctly  visible  in  the  later  stages  of  embryonic  life. 

It  may  probably  be  laid  down,  in  spite  of  some  of  Metschnikoff's 
observations  above  quoted,  that  the  original  generative  mass  gives  rise  to 
both  the  tnie  genital  glands  and  their  ducts.  It  appears  also  to  be  fairly 
clear  that  the  genital  gUmds  of  hoik  sexes  have  an  identical  origin. 

Special  types  of  larvcB. 

Certain  of  the  Hymenopterous  forms,  which  deposit  their  egga  in  the 
eggs  or  larvae  of  other  Insects,  present  very  peculiar  modifications  in  their 
development.  Platygaster,  which  lays  its  egg  in  the  larvse  of  Geddomyia^ 
undergoes  perhaps  the  most  remarkable  development  amongst  these  forms. 
It  has  been  studied  especially  by  Ganin  (No.  410),  from  whom  the  following 
account  is  taken. 

The  very  first  stages  are  unfortunately  but  imperfectly  known,  and  the 
interpretations  offered  by  Ganin  do  not  in  all  cases  appear  qmte  satis- 
factory. In  the  earliest  stage  after  being  laid  the  egg  is  enclosed  in  a 
capsule  produced  into  a  stalk  (fig.  190  A).  In  the  interior  of  the  egg 
there  soon  appears  a  single  spherical  body,  regarded  by  Ganin  as  a  cell 
(fig.  190  B).  In  the  next  stage  three  similar  bodies  appear  in  the  vitellus, 
no  doubt  derived  from  the  first  one  (fig.  190  C).  The  central  one  presents 
somewhat  different  characters  to  the  two  others,  and,  according  to  Ganin, 

1  This  point  requires  farther  observation. 
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n  Lnbbocki  kfter  Oanin.) 


giv«8  riae  to  Ihe  vihoU  embryo.  The  two  peripheral  bodies  increue  by 
division,  ftod  aoou  ap- 
pear as  nncltsi  ioibeu- 
ded  in  a  layer  of  pro- 
toplasm (tig.  190  D, 
E,  F).  Thti  kyer  so 
formed  Burves  as  a 
covering  for  the  em- 
bryo, regarded  liy  Ga- 
iiin  as  equivalent  to 
the  atnuiuii  (I  serous 
uiembnme)  of  other 
Insect  eiubrjos.  In 
the  embryo  cell  uew 
cells  are  stated  to  be 
formed  by  a  process 
of  endogenous  coll  for- 
mation (fig.  1901),  E). 
It  ap)>earB  probable 
that  Ganin  bos  mis- 
taken nuclei  for  cells  in  the  earlier  stages,  and  that  a  blastoderm  is 
formed  an  in  other  Insects,  and  that  this  becomes  divided  in  a  way 
not  explained  into  a  superficial  layer  which  gives  rise  to  the  serous 
envelope,  and  a  dce]>er  layer  which  forma  the  embryo.  However  this 
may  l>e,  a  differentiation  iuto  an  epibliuitic  layer  of  columnar  cells  and 
a  hypobhtMtic  layer  of  more  roundeil  cellu  soon  be<x)iiieB  ap|>ai-eiit  in  the  body 
of  the  embryo.  Subsequently  to  this  the  embryo  grows  rapidly,  till  by  a 
deep  transverse  constriction  on  the  ventral  surface  it  becomes  divided  into  an 
anterior  cephulothnracio  imrtion  and  a  posterior  cuiidal  portion  (fig.  lUO  F). 
The  cophalothorax  grows  in  breadth,  and  near  ita  ant^'rior  end  an  in- 
vagination n[i|)cant,  whicli  gives  rise  to  the  mouth  and  oesophagus.  On 
the  ventral  side  of  the  cophalothorax  there  is  first  fornied  a  jMiir  of 
claw-like  ap]>endngt'S  on  each  side  of  the  mouth,  then  a  jtosterior  jiair  of 
appendages  near  the  junction  of  the  cupli a lu thorax  and  abdomen,  and 
lastly  a  piiir  of  short  conical  auteniw  in  front. 

At  tlie  Hiime  time  the  hind  end  of  the  aWomcu  Itccomcs  bifid,  and  gives 
rise  to  u  fork-like  cauilat  aj)[)endage ;  anil  nt  a  slightly  later  [wriod  four 
groovi>H  umke  their  appearance  in  the  caudal  region,  and  divide  this  part  of 
the  embryo  into  succeiwive  segments.  While  these  changes  have  lioen 
taking  jibu:e  in  the  general  fonn  uf  the  emiiryo,  tlie  epiblast  has  given  rise 
to  a  cuticle,  and  the  hyimblastie  cells  luive  beeonie  differentiated  into  a 
central  hyimbliistic  axifi — the  iiie»nten>n^and  a  surrounding  layer  of 
iitesoblniit,  some  of  the  cells  uf  which  form  loiigitudinid  muHclea. 

With  this  Htago  closes  wliat  tnay  be  regarded  as  the  enibryonic  doTelop- 
nicnt  of  I'latygnHti-r.  'ilie  embryo  becomes  fn-e  from  the  amnien,  and  pre- 
i>ents  itiHilf  as  a  lat'\'a,  which  from  its  very  remarkable  characters  lias  been 
Hftoki'ii  of  an  the  (.-yclops  larva  by  Uunin. 

nie  larvii-  of  three  s{iecies  have  l>ecn  describeil  by  Oanin,  which  are  repre- 
Heut'-dih  fig.  till  A,  It,('.  These  larva)  arc  strangely  dissimilar  to  the  onlinury 
Hexup'Ml  ty|M-,  whether  larval  or  adult.  They  are  fonned  of  a  cephalothoracic 
shield  with  the  three  lutirs  of  appendages  (a,  }^,  (/g),  tlie  development  v( 
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which  has  already  been  described,  and  of  an  abdomen  formed  of  five  b^ 
mentB,  the  last  of  which  bears  the  somewliat  varfinj;  caudal  appendages. 
The  nervous  system  is  as  yet  undeveloped. 

The  larvte  move  about  in  the  tiwueB  of  their  hoflta  by  means  of  their 
claws. 

The  first  larval  condition  is  succeeded  by  a  second  with  very  different 
characters,  and  the  passage  from  the  first  to  the  second  is  accompanied  by 
an  ecdysia. 

The  ecdysis  commences  at  the  caudal  extremity,  and  the  whole  of  the 
last  aq^ent  la  completely  thrown  uC     As  the  ecdysis  extends  forwards 


FlO.  191.      A  SBRIBB  OP  BTAOBB    IN  THE   DITBLOPHEHT  OF  PuTTOABTBK. 

(From  Lubbock;  after  Oauin.) 
A.  B.  C.   Cyclops  Isrvn  of  thrra  species  of  PlatygBBler. 
V.   Second  larval  itoQe.    E.   Third  larval  stage. 
RIO.  month;    a.  antenns;    I/,  hooked  feet;    ifg.  lateral  feet;   /.  branches  of  tail; 
vl.  lower  lip;   tilkf.  tEsophaguH;  giar.  supra-cesophageal  ganglion;    lum.  ventral  epi- 
lilaiitic  plate;  Ini.  lateral  mnsdes  (the  letleig  also  point  in  1)  to  the  salivary  glands); 
gh.  proctodnnm;  17a.  generative  or^ana;  mij.  maodibles;  off.  dncta  of  salivary  glands; 
ip.  (in  B)  salivary  glands;    mU.   stoniacb;    td.   intestine;    tv.   leotnm;    oo.  aniis; 
(r.  traohea;  Jk.  tat  body. 

the  tail  loses  its  segmentation  and  becomes  strongly  compressed,  tiia 
appendages  of  the  cephalothorax  are  thrown  off,  and  the  whole  embryo 
assumes  an  oval  form  without  any  sharp  distinction  into  different  regions 
and  without  the  tlu/hteat  hidicalion  iff  itgmentalUm.  (fig.  191  D).  Of  the 
internal  changes  which  take  place  during  the  shedding  of  the  cuticle,  tba 
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first  is  the  formation  of  a  proctodeum  (^A)  by  an  invagination,  which  ends 
blindly  in  contact  with  the  mesenteron.  Shortly  after  this  a  thickening  of 
the  epiblast  (hsm)  appears  along  the  v^itral  surface,  which  gives  rise  mainly 
to  the  ventral  nerve  cord ;  this  thickening  is  continuous  behind  with  the 
epiblast  which  is  invaginated  to  form  the  proctodseum,  and  in  front  is  pro- 
longed on  each  side  into  two  procephalic  lobes,  in  which  there  are  also 
thickenings  of  the  epiblast  (gsae),  which  become  converted  into  supra- 
CBSophageal  ganglia,  and  possibly  other  i)art8. 

Towards  the  close  of  the  second  larval  period  the  muscles  (hn)  become 
segmentally  arranged,  and  give  indications  of  the  segmentation  which 
becomes  apparent  in  the  third  larval  period.  The  third  and  last  larval 
stage  (fig.  191  E)  of  Platygaster,  during  which  it  still  remains  in  the  tissues 
of  its  host»  presents  no  very  i>eculiar  features.  The  passage  from  the  second 
to  the  third  form  is  accomimnied  by  an  ecdysis. 

Bemarkable  as  are  the  larvte  just  described,  there  can  I  think  be 
no  reason,  considering  their  parasitic  habits,  for  regarding  them  as  ancestral. 

Metamorphosis  and  heterogamy. 

MetamorphofiiB.  The  majority  of  Insects  are  bom  in  a  condition 
in  which  they  obviously  differ  from  their  parents.  The  extent  of  this 
difference  is  subject  to  very  great  variations,  but  as  a  rule  the  larvae 
pass  through  a  very  marked  metamorphosis  before  reaching  the  adult 
state.  ITie  complete  history  of  this  metamorphosis  in  the  different 
orders  of  Insects  involves  a  far  too  considerable  amount  of  zoological  de- 
tail to  be  dealt  with  in  this  work  ;  and  I  shall  confine  myself  to  a  few 
observations  on  the  general  characters  and  origin  of  the  metamorphosis, 
and  of  the  histological  processes  which  take  place  during  its  occur- 
rence \ 

In  the  Aptera  the  larva  differs  from  the  adult  only  in  the  number 
of  facets  in  the  cornea  and  joints  in  the  ant43una3. 

In  most  Qrtlioptera  and  Hemiptera  the  larvo)  differ  from  the 
adult  in  the  absence  of  wings  and  in  other  points.  The  wings,  etc., 
are  gradually  ac(|uired  in  the  course  of  a  series  of  successive  moult- 
ings.  In  the  Ephemeridaa  and  Libellulida>,  however,  the  metamor- 
phosis is  more  complicated,  in  that  the  larvae  have  provisional  tracheal 
gills  whicli  are  exuviated  before  the  final  moult.  In  the  Ephemerida^ 
there  are  iisu.olly  a  great  number  of  moultings;  the  tracheal  gills 
appear  after  the  second  moult,  and  the  rudiments  of  the  wings  when 
the  larva  is  about  half  grown.  Larval  life  may  last  for  a  very  long 
pericHl. 

In  all  the  other  groups  of  Insects,  viz.  the  Diptera,  Neuroptera, 
Coleoptera,  Lepidoptera,  and  Hymenoptera,  the  larva  passes — with 
a  few  exceptions — through  a  Quiescent  stage,  in  which  it  is  known  as 
a  pupa,  before  it  attains  the  adult  stage.  These  forms  are  known  as 
the  Uolometabola. 

^  For  a  Byfttematic  acconnt  of  this  snbjcct  the  reader  is  referred  to  Labbock  (No. 
4)0)  and  to  Graber  (No.  411).  He  will  find  in  Weismann  (No.  430  and  431)  a  detailad 
acooont  of  the  internal  changes  which  take  place. 
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In  the  Diptera  the  larvse  are  apodous.  In  the  true  flies  (MuscidcB)  tbey 
are  without  a  distinct  head  and  have  the  jaws  replaced  by  hooks.  In  the 
Tipulidse  there  is  on  the  other  hand  a  well  developed  head  with  the  normal 
appendages.  The  pupse  of  the  Moscids  are  quiescent,  and  are  enclosed  in 
the  skin  of  the  larva  which  shrinks  and  forDis  a  firm  oval  case.  In  the 
Tipulidte  the  larval  skin  is  thrown  off  at  the  pupa  stage,  and  in  some  cases 
the  pupae  continue  to  move  about. 

The  larvse  of  the  Neuroptera  are  hexapodous  voracious  forms.  When 
the  larva  becomes  a  pupa  all  the  external  organs  of  the  imago  are  already 
established.  The  pu{)a  is  often  invested  in  a  cocoon.  It  is  usually 
quiescent,  though  sometimes  it  begins  to  move  about  shortly  before  the 
imago  emerges. 

Id  the  Coleoptera  there  is  comtiderable  variety  in  the  larval  forms.  As  a 
rule  the  larvae  are  hexapodous  and  resemble  wingless  Insects.  But  some 
herbivorous  larvae  {e,g*  the  larva  of  Melolontha)  closely  resemble  true 
caterpillars,  and  there  are  also  grub-like  larvae  without  feet  (Curculio) 
which  resemble  the  larvai  of  Hymenoptera.  The  pupa  is  quiescent,  but 
has  all  the  pai*ts  of  the  future  beetle  plainly  visible.  The  most  interesting 
larvae  among  the  Coleoptera  are  those  of  Sitaris,  one  of  the  Meloidse  (Fabre, 
No.  409).  They  leave  the  egg  as  active  hexapodous  larvae  which  attach 
themselves  to  the  bodies  of  Hymenoptera,  and  are  thence  transported  to  a 
cell  filled  with  honey.  Here  they  eat  the  ovum  of  the  Hymenopterous 
form.  They  then  undergo  an  ecdysis,  in  which  they  functionally  lose  their 
appendages,  retaining  however  small  rudiments  of  them,  and  become  grubs. 
'Hiey  feed  on  the  honey  and  after  a  further  ecdysis  become  pupae. 

In  th3  Lepidoptera  the  larva  has  the  well  known  form  of  a  caterpillar. 
The  caterpillars  have  strong  jaws,  ada{>ted  for  biting  vegetable  taissues, 
which  are  quite  unlike  the  oral  appendages  of  the  adult  They  have  three 
pairs  of  jointed  thoracic  legs,  and  a  variable  number  (usually  five)  of  pairs 
of  rudimentary  alxiominal  legs — the  so-called  pro- legs.  The  larva  undergoes 
numerous  ecdyses,  and  the  external  parts  of  the  adult  -such  as  the  wings, 
eta,  are  formed  underneath  the  chitinous  exoskeleton  before  the  pupa 
stage.  The  pupa  is  in  some  moths  enveloped  in  a  cocoon  and  is  known  as 
a  chrysalis. 

The  Hymenoptera  present  considerable  variations  in  the  character  of 
the  larvae.  In  the  Aculeata,  many  Eutomophaga,  the  CYnipidae,  etc.,  the 
larvae  are  apodous  gi-ubs,  inca])able  of  going  in  search  of  their  food ;  but  in 
the  Siricidae  they  are  hexapodous  forms  like  caterpillars,  which  are  some- 
times even  provided  with  pro-legs.  In  some  of  the  Entomophaga  the  larvae 
have  very  remarkable  characters  which  have  already  been  described  in  a 
special  section,  vide  p.  346,  347. 

Before  prooeeding  to  the  consideration  of  tlie  value  of  the  various 
larval  forms  thus  shortly  enumerated,  it  is  necessary  to  say  a  few 
words  as  to  the  internal  changes  which  take  place  during  the  oc- 
currence of  the  above  metamorphosis.  In  the  simplest  cases,  such  as 
those  of  the  Orthoptera  and  Hemiptera,  where  the  metamorphosis  is 
confined  to  the  gradual  formation  of  the  wings,  etc.  in  a  series  of 
moults,  the  wings  first  appear  as  two  folds  of  the  epidermis  beneath 
the  cuticle  on  the  two  posterior  thoracic  segments.  At  the  next  moult 
these  processes  become  covered  by  the   freshly  formed  cuticle,  and 
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appear  as  small  projections.  At  every  successive  moult  theae  pro- 
jections become  more  pruminent  owing  to  a  growth  in  the  cpideniUB 
which  has  taken  place  in  the  preceding  interval.  Accompanying  the 
formation  of  such  organs  as  the  wings,  internal  changes  necessarily 
take  place  in  the  arrangement  of  tlie  muscles,  etc.  of  the  thorax, 
which  proceed  pari  passu  with  the  formation  of  the  organs  to  which 
they  belong.  The  characters  of  the  metamorphosis  in  such  forms  as  the 
Ephemeridse  only  differ  from  the  above  in  the  fact  that  provisiouaJ 
organs  are  thrown  off  at  the  same  time  that  the  new  ones  are 
formed. 

In  the  case  of  the  llolomctabola  the  internal  phenoniena  of  the 
metamorphosis  are  of  a  very  much  more  remarkable  character.  The 
details  of  our  knowledge  are  largely  due  to  Weismann  (No,430  and  43 1 ). 
The  larvae  of  the  Holometabola  have  for  the  most  part  a  very  different 
mode  of  life  to  the  adults.  A  single  series  of  transitions  between  the 
two  is  impossible,  because  intermediate  forms  would  be  for  the  most 
part  incapable  of  existing.  The  transition  from  the  larva!  to  the 
adult  state  is  thercfoi'e  necessarily  a  more  or  less  sudden  one,  and 
takes  place  during  the  quiescent  pupa  condition.  Many  of  the  ex- 
ternal adult  organs  are  however  forme<i  prior  to  the  pupa  stage,  but  do 
not  become  visible  on  the  surface.  The  simplest  mode  of  Holo- 
metabolic  metamorphosis  may  be  illustrated  by  the  development  of 
Corethra  plumicomis,  one  of  the  Tipulida'.  This  larva,  like  that  of 
other  Tipulida,  is  without  thoracic  appendages,  but  before  the  last 
larval  moult,  and  therefore  shortly  before  the  pupa  stage,  cert&in 
structures  are  formed,  which  Weismann  has  called  imaginal  discs. 
These  imaginal  discs  are  in  Corethra  simply  invaginations  of  the 
epidermis.  There  are  in  the  thorax  six  jmirs  of  such  structures,  three 
dorsaJ  and  three  ventral.  The  three  ventral  are  attached  to  the 
terminations  of  the  sensory  nerves,  and  the  limbs  of  the  imago  are 
formed  as  simple  outgrowths  of  them,  which  as  they  grow  in  length 
take  a  spiral  form.  In  the  interior  of  these  outgrowths  are  formed 
the  muscles,  tracheie,  etc.,  of  the  limbs ;  which  are  believed  by  Wftia- 
mann  lit  appears  to  me  without  sufficient  ground)  to  be  derived  from 
a  proliferation  of  the  cells  of  the  neunJemma.  The  wings  are  formed 
from  the  two  posterior  dorsal  imaginal  discs.  Tlie  hypodermis  of  the 
larva  passes  directly  into  that  of  tne  imago. 

The  pupa  stage  of  Corethra  is  relatively  very  short,  and  the 
changes  in  the  internal  parts  which  take  place  during  it  are  not  eon- 
siderablc.  The  larval  abdominal  muscles  pass  for  the  most  part  un- 
changed into  those  of  the  imago,  while  the  special  thoracic  mnsclcs 
connected  with  the  wings,  etc.,  develop  directly  during  the  latest 
larval  period  from  cords  of  cells  already  formed  in  the  embryo. 

In  the  Lepidoptera  the  changes  in  the  passage  from  the  larval  to 
the  adult  state  are  not  very  much  more  considerable  than  those  in 
Corethra.  Similar  imaginal  discs  give  rise  during  the  later  larval 
periods  to  the  wings,  etc.  The  internal  changes  during  the  longer 
pupa  period  are  somewhat  more  considomble.     Important  modifica- 
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tions  and  new  formations  arise  in  connection  with  the  alimentary 
tract,  the  nervous  and  muscular  systems. 

The  changes  which  take  place  in  the  true  flies  (Muscidae)  are  far 
more  complicated  than  either  those  in  Corethra  or  in  the  Lepidoptera. 
The  abdomen  of  the  larva  of  Musca  becomes  bodily  converted  into 
the  abdomen  of  the  imago  as  in  the  above  types,  but  the  whole 
epidermis  and  appendages  of  the  head  and  thorax  are  derived  from 
imaginal  discs  which  are  formed  within  and  (so  far  as  is  known)  inde- 
pendently of  the  epidermis  of  the  larva  or  embryo.  These  imaginal 
discs  are  simple  masses  of  apparently  indiflferent  cells,  which  for  the 
most  part  appear  at  the  close  of  embryonic  life,  and  are  attached  to 
nerves  or  tracheae.  They  grow  in  size  during  larval  life,  but  during 
the  relatively  long  pupa  stage  they  unite  together  to  give  rise  to  a 
continuous  epidermis,  from  which  the  appendages  grow  out  as  pro- 
cesses. The  epidermis  of  the  anterior  part  of  the  larva  is  simply 
thrown  off,  and  has  no  share  in  forming  the  epidermis  of  the  adult. 

There  are  a  pair  of  cephalic  imaginal  discs  and  six  pairs  of 
thoracic  discs.  Two  pairs,  a  dorsal  and  a  ventral,  give  rise  to  each 
thoracic  ring,  and  the  appendages  attached  to  it. 

Though,  as  mentioned  above,  no  evidence  has  yet  been  produced 
to  shew  that  the  imaginal  discs  of  Musca  are  derived  from  the  em- 
bryonic epiblast,  yet  their  mode  of  growth  and  eventual  fate  proves 
beyond  the  shadow  of  a  doubt  that  they  are  homologous  with  the 
imaginal  discs  of  Corethra.  Their  earliest  origin  is  well  worth  further 
investigation. 

The  metamorphosis  of  the  internal  organs  is  still  more  striking 
than  that  of  the  external.  There  is  a  disruption,  total  or  partial,  of 
all  the  internal  organs  except  the  generative  organs.  In  the  case  of 
the  alimentary  tract,  the  Malpighian  vessels,  the  heart  and  the 
central  nervous  system,  the  disruption  is  of  a  partial  kind,  which  has 
been  called  by  Weismann  histolysis.  The  cells  of  these  organs  undergo 
a  fatty  degeneration,  the  nuclei  alone  in  some  cases  remaining.  The 
kind  of  plasma  resulting  from  this  degeneration  retains  the  shape 
of  the  organs,  and  finally  becomes  built  up  again  into  the  correspond- 
ing organs  of  the  imago.  The  tracheae,  muscles  and  peripheral  nerves, 
and  an  anterior  part  of  the  alimentary  tract,  are  entirely  disrupted. 
They  seem  to  be  formed  again  from  granular  cells  derived  from 
the  enormous  fat  body. 

The  phenomena  of  the  development  of  the  Muscidte  are  undoubtedly  of 
rather  a  surprising  character.  Leaving  for  the  moment  the  question  of 
the  origin  of  the  pupa  stage  to  which  I  return  below,  it  will  be  admitted 
on  all  hands  that  during  the  pupa  stage  the  larva  undergoes  a  series  of 
changes  which,  had  they  taken  place  by  slow  degrees,  would  have  involved, 
in  such  a  case  as  Musca,  a  complete  though  gradual  renewal  of  the  tissues. 
Such  l>eing  the  case,  the  cells  of  the  organs  common  to  the  larva  and  the 
imago  would,  in  the  natural  course  of  things,  not  be  the  same  cells  as  those 
of  the  larva  but  descendants  of  them.  We  might  therefore  expect  to  find 
in  the  rapid  conversion  of  the  larval  organs  into  those  of  the  adult  some  con- 
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densation,  bo  to  speak,  of  the  process  of  ordinary  cell  diriaion.  Such 
oondeiuations  are  probably  represented  in  the  histolyBis  in  the  case  of  tha 
internal  otgatm,  aad  in  the  formation  of  imnginal  dieca  in  the  case  of  the 
external  ones,  and  I  think  it  probable  that  further  investigation  will  shew 
that  the  imaginal  disca  of  the  AIuscidEe  are  derivatives  of  the  embryooic 
^blast.  Tbe  above  considerations  by  no  mpaoB  explain  the  whole  of 
Weismann's  interesting  observations,  but  an  explaiution  is  I  believe  to  be 
found  by  following  up  these  lines. 

More  or  less  parallel  phenomena  to  those  in  Insects  are  found  in  the 
development  of  Uie  Platyelminthes  and  Echiuoderms.  The  four  disc-like 
invaginations  of  the  skin  in  many  larval  Nemertinea  {vide  p.  163),  which 
give  rise  to  the  permanent  body  wull  of  the  Nemertine,  may  be  compared 
to  the  imaginal  discs.  Tbe  subnequent  throwing  off  of  the  skin  of  Pitidiom 
or  larva  of  Desor  is  a  phenomenon  like  the  absorption  of  [lart  of  the  larval 
akin  of  Musca.  The  formation  of  an  indej>cnilent  skin  within  the  first 
larval  form  in  the  Distomece  and  in  the  Ceatoda  may  be  ooupared  to  the 
apparently  independent  formation  of  the  iuutginal  discs  in  Musca. 

The  fact  that  in  a  majority  of  instances  it  is  possible  to  trace  ao 
intimate  connection  between  the  surroundings  of  a  larva  and  its 
organization  proves  in  the  clearest  way  Uiat  the  characters  of  the 
majority  of  existing  larval  forms  of  Insects  have  owed  timr  origin  to 
secondart/  adaptations.    A  few  instances  will  illustrate  this  point. 

In  the  simplest  types  of  metamorpbosis.e.^.  those  of  the  Ortboptera 
geouina,  the  larva  has  precisely  the  same  habits  as  the  adult.  We 
find  that  a  caterpillar  form  is  assumed  by 
phytophagous  larvie  amongst  the  Lepidop- 
teta,  Hymenoptera  and  Coleoptera.  Wliere 
the  larva  has  not  to  go  in  search  of  its  qu- 
triment  the  grub-like  apodous  form  is  as- 
sumed. The  existence  of  such  an  apodous 
larva  is  especially  striking  in  the  Hymen- 
optera,  in  that  rudiments  of  thoracic  and 
abdominal  appendages  are  present  in  the 
embryo  and  disappear  again  in  the  larva. 
The  case  of  the  larva  of  Sitaris,  already  de- 
scribed (p.  349),  affords  another  very  stnking 
proof  that  the  organization  of  the  larva  is 
adapted  to  its  habits. 

It  follows  from  the  above  that  the  de- 
velopment of  such  forms  as  the  Orthoptera 
genuina  is  more  primitive  than  that  of  the 
hulometabolous  forms;  a  conclusion  which 
tallies  with  tho  fact  that  both  palaoDto- 
logical  and  anatomical  evidence  shew  the 
Ortlmptera  to  be  a  very  primitive  group  of 
Insects. 

The  above  argument  probably  applies 
with  still  greater  force   to   the  case  of  the 
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ThjTsanura;  and  it  seems  to  be  probable  that  this  group  is  more 
nearly  related  than  any  other  to  the  primitive  windless  ancestora 
of  Insects \  The  characters  of  the  oral  appendages  in  this  group, 
the  simplicity  of  their  metamorphosis,  and  the  presence  of  ab- 
dominal appendages  (fig.  192),  all  tell  in  favour  of  this  view,  while 
the  resemblance  of  the  adult  to  the  larvae  of  the  Pseudoncuroptera, 
etc.,  points  in  the  same  direction.  The  Thysanura  and  Collembola 
are  not  however  to  be  regarded  as  belonging  to  the  true  stock  of  the 
ancestors  of  Insects,  but  as  degenerated  relations  of  this  stock;  much  as 
Amphioxus  and  the  Ascidians  are  degenerate  relations  of  the  ancestral 
stock  of  Vertebrates,  and  Peripatus  of  that  of  the  Tracheata.  It  is 
probable  that  all  these  forms  have  succeeded  in  retaining  their 
primitive  characters  from  their  degenerate  habits,  which  prevented 
them  from  entering  into  competition  in  the  struggle  for  existence  with 
their  more  highly  endowed  relatives.  While  in  a  general  way  it  is 
clear  that  the  larval  forms  of  Insects  cannot  be  expected  to  throw 
much  light  on  the  nature  of  Insect  ancestors,  it  does  nevertheless 
appear  to  me  probable  that  such  forms  as  the  caterpillars  of  the 
Lepidoptera  are  not  without  a  meaning  in  this  respect.  It  is  easy  to 
conceive  that  even  a  secondary  larval  form  may  have  been  produced 
by  the  prolongation  of  one  of  the  embryonic  stages ;  and  the  general 
similarity  of  a  caterpillar  to  Peripatus,  and  the  retention  by  it  of  post- 
thoracic  appendages,  are  facts  which  appear  to  favour  this  view  of  the 
origin  of  the  caterpiUar  form. 

The  two  most  obscure  points  which  still  remain  to  be  dealt  with 
in  the  metamorphosis  of  Insects  are  (1)  the  origin  of  the  quiescent 
pupa  stage ;  (2)  the  frequent  dissimilarity  between  the  masticatory 
apparatus  of  the  larva  and  adult 

These  two  points  may  be  conveniently  dealt  with  together,  and 
some  valuable  remarks  about  them  will  be  found  in  Lubbock 
(No.  420). 

On  grounds  already  indicated  it  may  be  considered  certain  that 
the  groups  of  Insects  without  a  pupa  stage,  and  with  a  larva  very 
simikirly  organised  to  the  adult,  preceded  the  existing  holometabolic 
groups.  The  starting-point  in  the  metamorphosis  of  the  latter  groups 
was  therefore  something  like  that  of  the  Orthoptera.  Suppose  it  l^came 
an  advantage  to  a  species  that  the  larva  and  adult  should  feed  in  a  some- 
what different  way,  a  difference  in  the  character  of  their  mouth  parts 
would  soon  make  itself  manifest ;  and,  since  an  intermediate  type  of 
mouth  parts  would  probably  be  disadvantageous,  there  would  be  a 
tendency  to  concentrate  into  a  single  moult  the  transition  fit)m  the 
larval  to  the  adult  form  of  mouth  parts.  At  each  ordinary  moult 
there  is  a  short  period  of  quiescence,  and  this  period  of  quiescence 
would  naturally  become  longer  in  the  important  moult  at  which  the 
change  in  the  mouth  parts  was  effected.     In  this  way  a  rudimentary 

>  Braaer  and  Labbook  (No.  41 1)  have  pointed  out  the  primitive  oharaeten  of  thcM 
forms,  especially  of  Campodea. 
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pupa  stage  might  be  started.  The  pupa  stage,  once  started,  might 
easily  become  a  more  important  factor  in  the  metamorphosia  If  the 
larva  and  imago  diverged  still  more  from  each  other,  a  continually 
increasing  amount  of  change  would  have  to  be  effected  at  the  pupa 
stage.  It  would  probably  be  advantageous  to  the  species  that  tne 
larva  should  not  nave  rudimentary  functionless  wings ;  and  the  es- 
tablishment of  the  wings  as  external  organs  would  therefore  become 
deferred  to  the  pupa  stage.  The  same  would  probably  apply  to  other 
organs. 

Insects  usually  pass  through  the  pupa  stage  in  winter  in  cold 
climates  and  during  the  dry  season  in  the  tropics,  this  stage 
serving  therefore  apparently  for  the  protection  of  the  species  during 
the  inclement  season  of  the  year.  These  facts  are  easily  explained 
on  the  supposition  that  the  pupa  stage  has  become  secondarily  adapted 
to  play  a  part  in  the  economy  of  the  species  quite  dififerent  from  that 
to  which  it  owes  its  origin. 

Heterogamy.  The  cases  of  alternations  of  generations  amongst 
Insects  all  fall  under  the  heading  already  defined  in  the  introduction 
as  Heterogamy.  Heterogamy  amongst  Insects  has  been  rendered 
possible  by  the  existence  of  parthenogenesis,  which,  as  stated  in  the 
mtroduction,  has  been  taken  nold  of  by  natural  selection,  and  has  led 
to  the  production  of  generations  of  parthenogenetic  forms,  by  which 
a  clear  economy  in  reproduction  is  effected,  rarthenogenesis  without 
heterogamy  occurs  in  a  large  number  of  forms.  In  fiees.  Wasps,  and 
a  Sawfly  (Nematus  ventricosus)  the  unfertilized  ova  give  rise  to 
malea  In  two  Lepidopterous  genera  (Psyche  and  Solenobia)  the 
unfertilized  ova  give  rise  mainly,  if  not  entirely,  to  females.  Hetero- 
gamy occurs  in  none  of  the  above  types,  but  in  Psyche  and  Solenobia 
males  are  only  occasionally  found,  so  that  a  series  of  generations  pro- 
ducing female  young  from  unfertilized  ova  are  followed  by  a  genera- 
tion producing  young  of  both  sexes  from  fertilized  ova.  It  would  be 
interesting  to  know  if  the  unimpregnated  female  would  not  after  a 
certain  number  of  generations  give  rise  to  both  males  and  females ; 
such  an  occurrence  might  be  anticipated  on  grounds  of  analogy.  In 
the  cases  of  true  heterogamy  parthenogenesis  has  become  confined  to 
special  generations,  which  differ  in  their  character  from  the  genera- 
tions which  reproduce  themselves  sexually.  The  parthenogenetic 
generations  generally  flourish  during  the  season  when  food  is  abun- 
dant ;  while  the  sexual  generations  occur  at  intervals  which  are 
often  secondarily  regulated  by  the  season,  supply  of  fcxnl,  etc. 

A  very  simple  case  of  this  kind  occurs,  it  we  may  trust  the  recent 
researches  of  Lichtenstein',  in  certain  Gall  Insects  (Cynipida3).  He 
finds  that  the  female  of  a  form  known  as  Spathegaster  liaccarum,  of 
which  both  males  and  females  are  plentiful,  pricks  a  characteristic 
gall  in  certain  leaves,  in  which  she  deposits  the  fertilized  eggs.  The 
eggs  fr(»m  these  galls  give  rise  to  a  winged  and  apparently  adult  form, 
wliich  is  not,  however,  Spathegaster,  but  is  a  species  considered  to 

*  Pftitf*  SouvfllfM  Knt€imoUigique»^  May,  1878. 
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belong  to  a  distinct  genus  known  as  Neuroterus  ventricularis.  Only 
females  of  Neuroterus  are  found,  and  they  lay  unfertilized  ova  in 
peculiar  galls  which  develop  into  Spathegaster  baccarum.  Here  we 
have  a  true  case  of  heterogamy,  the  females  which  produce  partheno- 
genetically  having  become  differentiated  from  those  which  produce 
sexually.  Another  interesting  type  of  heterogamy  is  that  which  has 
been  long  known  in  the  Aphides.  In  the  autumn  impregnated  eggs 
are  deposited  by  females,  which  give  rise  in  the  course  of  the  spring 
to  females  which  produce  parthenogenetically  and  viviparously.  The 
viviparous  females  always  differ  from  the  females  which  lay  the 
fertilized  eggs.  The  generative  organs  are  of  course  differently  con- 
stituted, and  the  ova  of  the  viviparous  females  are  much  smaller  than 
those  of  the  oviparous  females,  as  is  generally  the  case  in  closely 
allied  viviparous  and  oviparous  forms ;  but  in  addition  the  former  are 
usually  without  wings,  wlbile  the  latter  are  winged.  The  reverse  is 
however  occasionally  the  case.  An  indefinite  number  of  generations 
of  viviparous  females  may  be  produced  if  they  are  artificially  kept  warm 
and  supplied  with  food ;  but  in  the  course  of  nature  the  viviparous 
females  produce  in  the  autumn  males  and  females  which  lay  ^gs 
with  firm  shells,  and  so  preserve  the  species  through  the  winter.  The 
heterogamy  of  the  allied  Coccidae  is  practically  the  same  as  that  of  the 
Aphidse.  In  the  case  of  Chermes  and  Phylloxera  the  parthenogenetic 
generations  lay  their  eggs  in  the  normal  way. 

The  complete  history  of  Phylloxera  quercus  has  been  worked  out 
by  Balbiani  (No.  401).  The  apterous  females  during  the  summer  lay 
eggs  developing  parthenogenetically  into  apterous  females,  which  con- 
tinue the  same  mode  of  reproduction.  In  the  autumn,  however,  the 
eggs  which  are  laid  give  rise  in  part  to  winged  forms  and  in  part  to 
apterous  forms.  Both  of  these  forms  lay  smaller  and  larger  esgs, 
which  develop  respectively  into  very  minute  males  and  females  with- 
out digestive  organs.  The  fertilized  eggs  laid  by  these  forms  probably 
give  rise  to  the  parthenogenetic  females. 

A  remarkable  case  of  heterogamy  accompanied  by  psedogenesis 
was  discovered  by  Wagner  to  take  place  in  certain  species  of 
Cecydomyia  (Miastor),  a  genus  of  the  Diptera.  The  female  lays  a 
few  eggs  in  the  bark  of  trees,  etc.  These  eggs  develop  in  the  winter 
into  larvae,  in  which  ovaries  are  early  formed.  The  ova  become 
detached  into  the  bodv  cavity,  surrounded  by  their  follicles,  and  grow 
at  the  cost  of  the  foUicles.  They  soon  commence  to  undergo  a  true 
development,  and  on  becoming  hatched  they  remain  for  some  time  in 
the  body  cavity  of  the  parent,  and  are  nourished  at  the  expense  of  its 
viscera.  They  finally  leave  the  empty  skin  of  their  parent,  and  sub- 
sequently reproduce  a  fresh  batch  of  larvae  in  the  same  way.  After 
several  generations  the  larvae  undergo  in  the  following  summer  a 
metamorphosis,  and  develop  into  the  sexual  form. 

Another  case  of  paedogenesis  is  that  of  the  larvae  of  Chironomus, 
which  have  been  shewn  by  Grimm  (No.  41 3)  to  lay  eggs  which  develop 
exactly  in  the  same  way  as  fertilized  eggs  into  larvaF^. 
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Arachnida', 

The  development  of  several  divisions  of  this  intereHting  group 
haa  beeu  worked  uut ;  and  it  will  be  convenient  to  deal  in  the  firet 
instance  with  the  special  history  of  each  of  these  divisions,  and  then 
to  treat  in  a  separate  section  the  development  of  the  organs  for  the 
whole  group. 

Scorpionidss.  The  embryonic  development  always  takes  place 
within  the  female  Scorpion.  In  Buthus  it  takes  place  within  fullicle- 
like  protuberances  of  the  wall  of  the  ovary.  lu  St^orpio  also  develop- 
ment commencea  while  the  egg  is  still  in  the  follicle,  but  when  the 
trunk  becomes  segmented  the  embryo  passes  into  the  ovarian  tube. 
The  chief  authority  for  the  development  of  the  Scorpiotudoi  is 
Metschnikoff  (No.  434). 

At  the  pole  of  the  ovum  facing  the  ovarian  tube  there  is  formed 
a  germinal  disc  which  undergoes  a  partial  segmentation  (fig.  1113  bl). 
A  somewhat  saucer-shaped  one- 
layered  blastoderm  is  then  formed, 
which  soon  becomes  thickened  in 
the  centre  and  then  divided  into 
two  layers.  The  outer  of  these  is 
the  epiblast,  the  inner  the  meso- 
blast.  Beneath  the  mesoblast  there 
subsequently  appear  granular  cells, 
which  form  the  commencement  of 
tlie  hypoblast'. 

During  the  fonnation  of  the  blas- 
toderm a  cellular  envelo|K!  is  fomieU 
roimd  the  embryo.  Its  origin  is  doubt- 
ful, though  it  is  regarded  by  Mttscb- 
iiikolf  as  pi-obably  derived  from  the 
bloatodenu  and  humologuuH  with  the 
amniiin  of  Insects.  It  becomes  double 
iu  the  later  sieges  (fig.  195).^     ^  p,„   553      ^^^  „,  8coi.i-.oi. 

During  the  differentiation  of  ^^«  u,Kg.DY-r 
the  three  embryonic  layers  the  Met^i^ff"' 
germmal  disc   becomes  somewhat  t,i.  bloBtodenn. 

'  Tho  classifioation  ot  Ihe  Aroclmiila  adopted  la  the  present  work  is  ahern  below. 

fScorpioDidie.  tt      a  •  iTetiapDeamones. 

PedipBlpi.  "■    Aranema.    iDipneumoncn. 

Pseudoscorpionidis . 
Solifngs.  III.    Acarina. 

PbalBn^dto. 
'  The  origin  of  the  hjpobliiBt  ctllB,  if  suoh  tlie»e  cells  are,  i»  obnonra.     MctKclinikofl 
donbtfllily  deriveB  tUem  fruni  IIig  bluBtoderm  celta;  from  uiy  inveEtigationa  oq  Spidera 
il  appe&ta  to  mo  more  piobablo  that  tbo;  odgiualo  in  (be  yolk. 


(After 


SCORPIOyiD^. 


pyrifonu,  the  pointed  cod  being  the  posterior.    At  this  extremity 
tbere  is  a  special  thickeniDg 
„  which  is  perhaps  equivalent 

to  the  pnmitive  cumulus  of 
Spiders,  The  genniDal  disc 
continues  gradually  to  Bpread 
over  the  yolk,  but  the  ori- 
ginal pyriform  area  is  thicker 
than  the  remainder,  and  is 
marked  off  anteriorly  and 
posteriorly  by  a  shallow 
furrow.  It  constitutes  a 
structure  corresponding  with 
the  veutrat  plate  of  other 
Tracheata,  It  soon  becomes 
grooved  by  a  Bhallow  loogi- 
tudinal  furrow  (tig.  194  A) 
which  subsequently  becomes 
less  distinct  It  is  then 
divided  by  two  transverse 
lines  into  three  parts'. 

In  succeeding  stages  the 
anterior  of  the  three  parts 
is  clearly  marked  out  as  the 
procephalic  lobe  and  bood 
becomes  somewhat  broader. 
Fresh  segments  are  added  from  before  backwards,  and  the  whole 
ventral  plat«  increases  rapidly  in  length  (fig.  194  B). 

When  ten  s^ments  nave  become  formed,  appendages  appear  as 
piured  outgrowths  of  the  nine  posterior  segments  (fig.  194  C).  The 
second  segment  bears  the  pedipalpi,  the  four  succeeding  segments  the 
four  ambulatory  appendages,  and  the  four  hindermost  segments 
smaller  provisional  appendages  which  subsequently  disappear,  with 
the  possible  exception  of  the  second.  The  foremost  segment,  imme- 
diately behind  the  procephalic  lubex,  is  very  small,  and  still  without 
a  rudiment  of  the  cheliccra;,  which  ore  subsequently  formed  on  it  It 
would  appear  fnim  Mctschuikuffs  figures  to  bo  developed  later  than 
tho  other  post-oral  segments  present  at  this  stage.  The  still  uoseg- 
mented  tail  has  become  very  prominent  and  makes  an  angle  of  180* 
with  the  remainder  of  the  body,  over  the  ventral  surface  of  which  it 
is  flcxe<]. 

By  the  time  tliat  twelve  segments  ore  definitely  formed,  the  pro- 

'  Tbc  ctftcl  rite  of  the  three  or^riDKl  seiiiiicata  is  left  Mmewhtt  obBcme  hj  Metaeh- 
uikoff.  He  bclicvcM  however  iLsl  the  anterior  wgnieDt  fomii  the  proceph&lio  lobea,  the 
pootrrior  prububly  ihti  (elsuD  and  five  adjoininK  c&ndal  eogmcDtB,  uid  the  middle  one 
tlie  remainder  uf  Ihc  body.  Thin  view  doeH  not  «ppc«r  to  me  quite  natislactoiy,  since  «a 
tlie  uiikliitty  uf  Hpidi'iH  uid  utUer  Arthropoda  the  (ie>b  •omite*  uogl't  to  be  mdded  fay 
k  contiauoni  KKioeaUtion  of  the  poiterior  lobe. 


Fia.  IM.  Tbhi  nnnca  vuws  or  vai 
vnnau.  pun  o*  a  DinLOFura  8cobfioh. 
(After  Hetichnikofl.) 

A.  Before  tegmentation. 

B.  After  five  aegmentB  have  become  formed. 

C.  After  the  appenddgBe  have  beinui  to  be 


cephalic  region  is  distinctly  bilobed,  and  iu  the  median  groove  extend- 
ing along  it  the  stomodseum  has  become  formed  (fig.  196  A).  The 
cheliceriB  (cA)  appear  as  small 
rudiments  on  the  first  post-oral 
segment,  and  the  nerve  cords  are 
distinctly  differentiated  anil  gan- 
glionated.  In  the  embryonic 
state  there  is  one  ganglion  for 
each  segment.  The  ganglion  in 
the  first  segment  {that  bearing 
the  chelicerse;  is  very  small,  but 
is  undoubtedly  post-oral. 

At  this  stage,  by  a  growth  in 
which  all  thethree  germinal  layers 
have  a  share,  the  yolk  is  com- 
pletely closed  in  by  the  blasto- 
denn.  It  is  a  remarkable  fact 
with  only  few  parallels,  and  those 
amongst  the  Axtbropoda.that  the 
blastopore,  or  point  where  the 
embryonic  membranes  meet  in 
closing  in  the  yolk,  is  situated  on 
the  dorsal  surface  of  the  embryo. 


Pio.  196. 
r  TBI  Scorpion  ■ 
UANEB.     (AflcrMelBchnikoff.) 

ch.  cheliterfB;   pd.  podipalpii   p'— p*. 


The  general  relations  of  the  »^"law.Tftpp«nd»gei>;a6.  poBtsWomen 
embryo  at  about  this  stage  are 

shewn  in  fig.  195,  where  the  embryo  enclosed  in  its  double  cellular 
membrane  is  seen  in  a  side  view.  This  embryo  is  about  the  same 
age  as  that  seen  from  the  ventral  surface  in  fig.  1!)6  A. 

The  general  nature  of  the  further  changes  may  easily  be  gathered 
from  an  inspection  of  fig.  19G  B  and  C.  but  a  few  points  may  be  noted. 

An  upper  lip  or  labrum  is  formed  as  an  unpaired  oi^an  in  the 
line  between  the  procephalic  lobes.  The  pedipalpi  become  chelate 
before  becoming  jointed,  and  the  chelicersB  also  early  acquire  their 
characteristic  form.  Rudimentary  appendices  appear  on  the  six  seg- 
ments behind  the  ambulatory  legs,  five  of  which  are  distinctly  shewn 
in  fig.  195;  they  persist  only  on  the  second  segment,  where  they 
appear  to  form  the  comb-like  organs  or  pectines.  The  last  abdominal 
segment,  i.e.  that  next  the  tail,  is  without  provisional  appendages.  Ttie 
embryonic  tail  is  divided  into  six  segments  including  the  telson  (fig. 
19(i  C,  (li).  The  lungs  («()  are  formed  by  paireil  invaginations,  the 
walls  of  which  subsequently  become  plicated,  on  the  four  last  segments 
which  bear  rudimentary  limbs,  and  simultaneously  with  the  disap- 
pearance of  the  rudimentary  limha. 

PseudoscOrpionidEe.  The  development  of  Cbelifer  has  been  investi- 
gated by  Metacbnikoff  {436),  and  nlthougti  (except  that  it  ia  provided  with 
trooheR  instead  of  pulmoiuiry  sacks)  it  might  be  supposed  to  be  closely 
related  to  Scoqno,  yet  in  its  development  is  atrikingly  ilifTerent. 


SW  PSEVDOBCOSPIONID^. 

The  eggn  a^r  being  laid  are  carried  \>y  the  female  attached  to  th«  first 
■egmeut  of  the  abdomeo.  The  segmentation  {vido  p.  93)  is  intermediate 
between  the  types  of  complete  and  superficial  segmentation.  The  ovum, 
mainly  formed  of  food^yolk,  divides  into  two,  four,  and  eight  equal  segments 
(fig.  197  A).  There  then  appear  one  or  more  clear  sq^enta  on  the  surfaoe 
of  these,  and  finally  a  complete  layer  of  cells  is  formed  round  the  o^itral 
yolk  apberea  (fig.  197  B),  which  latter  subsequently  agglomemte  into  a 
central  mass,  The  superficial  .cells  form  what  may  be  called  a  blastoderm, 
which  won  becomes  divided  into  two  layers  {fig.  197  C).  There  now 
i^peara  a  single  pair  of  appendages  (the  pedipalpi)  (fig.  198  A,  ;)(f),  while  at 
the  same  time  the  front  end  of  the  embryo  grows  out  into  a  remarkable 
proboscis-like  prominence — a  temporaiy  upper  Hp  (concealed  ia  the  figure 
behind  the  pedipalpus),  and  the  abdomen  (a£)  becomes  bent  fbrwants  to- 
wards the  vMitral  surface.  In  this  very  rudimentary  condition,  after  under- 
going an  ecdyaia,  the  larva  is  hatched,  although  it  Htill  remains  attached  to 
its  parent  After  hatehing  it  grows  rapidly,  and  becomes  filled  with  a 
peculiar  transparent  materiaL  The  first  pair  of  ambulatory  appendages  ia 
formed  behind  the  pedipalpi  and  then  the  three  succeeding  pairs,  while  at 
the  same  time  the  obelicene  appear  as  small  rudiments  in  front  External 
ugns  of  segmeutatioa  have  not  yet  appeared,  but  about  this  period  the 
nervous  system  is  formed.     The  snpra^eeophageal  ganglia  are  especially 


r  TBS  SCXIHFIOH.      Tbb  bubbios 
k  Pleura.    (After  Metachnikofl.) 
ch.   chelicertc;   pd.   pedi|«lpi;   p' — fi*.  ambulaloiy  appendages  i   pt.   peoteu;    if. 
•Ugmata;  ab.  poHl  abdumeD  (tail). 

distinct,  ami  proviJcil  with  a  central  cavity,  probably  formed  by  an  invagi- 
mition  as  in  other  Arachuida.  Iti  the  succeeding  stages  (fig.  19S  B)  four 
provisional  pain  of  appendages  (shewn  as  smalt  kuobs  at  ab)  appear  behind 
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the  ambnlator;   feet     The  abdomen  is   bent   forwards  so  as   to  reach 
tilmoflt  to  tiie  pedipalpl     In  the  later  etages  (fig.  198  C)  the  adult  form 


Fio.  197.    Sboxbiitiiioh  ucd  fobiutiom  or 

(After  MeUahnikoff.) 
In  A  the  ovnin  U  cliTided  into  ■  number  of  eepamte  Begmenti.    In  B  a  niunber  of 


ia  gradually  attained.  The  enormous  upper  lip  perusta  for  some  timci, 
but  subsequently  atrophiee  and  ia  repla^d  by  a  normal  labnun.  The 
appeodagee  behind  the  ambulatcoy  feet  atrophy,  and  the  tail  is  gradually 
bent  back  into  its  final  position.  The  segmentation  and  the  gradual 
growth  of  the  limbs  do  not  call  for  special  description,  and  the  formation 
of  the  organs,  so  far  as  ia  tmown,  ugreea  with  other  typee. 

The  segmentation  of  Chthonius  is  apparently  Himilur  to  that  of  Cbelifer 
(Stacker,  No.  437). 

Phalangfida.  Our  knowledge  of  the  development  of  Fhalangium  is 
unfortunately  confined  to  the  later  stages  (Balbiani,  No,  438).  Theae  stages 
do  not  appear  however  to  differ  very  greatly  &om  those  «^  true  Spiders. 

Aranoina.  The  eggs  of  true  Spiders  are  either  deposited  ia  nests 
made  specially  for  them,  or  are  earned  about  by  the  females.  Species 
belonging  to  a  considerable  number  of  genera,  viz.  Fholcus,  Epeira, 
Lycosa,  Ciubione,  T^naria  and  Agelena  have  been  studied  \/y 
UlaparMe  (No. 442),  ^Ibiani  (No. 439),  Barrois  (No.  44i)and  myself 
(No.  440),  and  the  close  similarity  between  their  embryos  leaves  but 
little  doubt  that  tbere  are  no  great  variations  in  development  witbin 
the  group. 
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The  ovum  ia  euclosed  in  a  delicate  vitelline  membrane,  enveloped 
in  its  turn  by  a  chorion  secreted  by  the  walla  of  tbe  oviduct.  The 
chorion  is  covered  by  numerous  rounded  prominences,  and  occasion- 
ally exhibits  a  pattern  corresponding  with  the  areas  of  the  cells  which 
formed  it.  The  s^mentation  has  already  been  fully  described,  pp.  97 
and  98.  At  its  close  there  is  present  an  enveloping  blastoderm 
formed  of  a  single  layer  of  large  flattened  cells.  The  yolk  within  is 
formed  of  a  number  of  large  polygonal  segments;  each  of  which  ia 
composed  of  large  yolk  spherules,  and  contains  a  nucleus  surrounded 
by  a  layer  of  protoplasm,  which  is  prolonged  into  stellate  processes 
holding  together  the  yolk  spherules.  The  nucleus,  surrounded  by 
the  major  part  of  the  protoplasm  of  each  yolk  cell,  appears,  as  a  rule, 
to  be  situated  not  at  tne  centre,  but  on  one  side  of  its  yolk  segment. 

The  further  description  of  the  development  of  Spiders  applies 
more  especially  to  Agelena  labyrinthica,  the  species  which  formeu  the 
subject  of  my  own  investigations. 

The  first  differentiation  of  the  blastoderm  condsts  in  the  cells 
of  nearly  the  whole  of  one  hemisphere  becoming  somewhat  more 
columnar  than  those  of  the  other  nemisphere,  and  in  the  cells  of  a 
small  area  near  one  end  of  the  thickened  hemisphere  becomiog 
distinctly  more  columnar  than  elsewhere,  and  two  layers  thick.    This 


FlO.  198.       TbBEE    BTIOIB   IK  TUB 

pd.  pediptljii;    ab.  abdomen 


CBBLiraa.    (Aitei  Hetaelmikoll.) 
iuvaginstion ; 


area  forms  a  protul>eraQCc  on  the  surface  of  the  ovum,  originally  dis- 
covered by  Olaparfetie,  and  called  by  him  the  primitive  cumulus. 
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In  the  next  stogo  tbe  cells  of  the  thickene<i  hemisphere  of  the 
blaatoderm  become  still  more  columnar;  and  a  second  area,  at  first 
connected  by  a  whitish  streak  with  the  cumulus,  makes  its  ap- 
pearance. In  the  second  area  the  blastoderm  is  also  more  than  one 
cell  deep  (fig.  199).  It  will  be  noticed  that  the  blastoderm,  though 
more  than  one  cell  thick  over  a  large  part  of  the  ventral  surface,  is 
not  divided  into  distinct  layeis.  The  second  area  appears  as  a  white 
patch  and  soon  becomes  more  distinct,  while  the  streak  continued  to 
it  from  the  cumulus  is  no  longer  visible.  It  is  shewn  in  surface  view 
in  fig.  200  A.  Though  my  observations  on  this  stage  are  not  quite 
satisfactory,  yet  it  appears  to  me  probable  that  there  is  a  longi- 
tudinal thickened  ridge  of  the  blastoderm  extending  from  the  primi- 
tive cumulus  to  the  large  white  area.  The  section  represented  in 
fig.  199,  which  I  believe  to  be  oblique,  passes  through  this  ridge 
at  its  most  projecting  part. 

The  nuclei  of  the  yolk  cells  during  tbe  above  stages  multiply 
rapidly,  and  celts  are  formed  in  the  yolk  which  join  the  blastoderm; 
there  can  however  be  no  doubt  tliat  the  main  increase  in  the 
cells  of  the  blastoderm  has  been  duo  to  the  division  of  the  original 
blastoderm  cells. 

In  the  next  stage  I  have  been  able  to  observe  there  is,  in  the 
placo  of  the  previous  thickened  half  of  the  blastoderm,  a  well 
developed  ventral  plate  with  a 
proccphalic  lobe  in  front,  a  cau- 
dal lobe  behind,  and  an  inter- 
mediate region  marked  by  about 
three  transverse  grooves,  indi- 
cating a  division  into  segments. 
This  plate  is  throughout  two  or 
more  rows  of  cells  tnick,  and  tbe 
cells  which  form  it  are  divided 
into  tiv(j  distinct  layers — a  co- 
lumnar superficial  layer  of  epiblast 
cells,  and  a  deeper  layer  of  meao- 
blast  ceUs  (fig.  203  A).  In  the 
latter  layer  there  are  several  very 
targe  cells  which  are  in  the  act 
of  passing  from  the  yolk  into  tbe 
blastoderm.  The  identification 
of  the  structures  visible  in  the 
previous  stage  with  those  visible 
in  the  present  stage  is  to  a  great 
extent  a  inatt«r  of  guess-work, 
but  it'  appears  to   me  probable 

that  the  primitive  cumulus  is  still  present  as  a  slight  prominence 
visible  in  surface  views  on  the  caudal  lobe,  and  that  the  other 
thickened  patch  persists  as  the  procephalic  lobe.  However  this  may 
be,  the  significance  of  the  primitive  cumulus  appears  to  be  that  it  is 


FiQ.  lUB.     Sbction  t 

SBTO   OP  AoKLBHl  L 

Tbo  aeolion  is  from  au  embryo  of  the 
same  age  aa  fig.  200  A,  and  ia  ivpiEsenteil 
nilh  the  veatrsl  plate  upwanls.  In  tbe 
ventnl  plato  ia  auea  a  keel-like  tiuukoDiug, 
which  gives  rise  to  the  main  mass  of  Ihu 
meaoblast. 

yk.  folk  divided  into  large  polygonal 
ogUb,  in  aeveral  of  which  nuclei  an  ahewn. 
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the  pai't  of  the  blastoderm  where  two  rows  of  cells  become    first 
established'. 

The  whole  region  of  the  blastoderm  other  than  the  ventral  pktte 
is  formed  of  a  single  row  of  flattened  epiblast  cells.  The  yolk  retains 
its  original  constitution. 

By  this  stage  the  epiblast  and  mesoblast  are  distinctly  differen- 
tiated, and  the  homolog^ue  of  the  hypoblast  is  to  be  sought  for  in 
the  yolk-cells.  The  yolk-cells  are  not  however  entirely  hypoblastic, 
since  they  continue  for  the  greater  part  of  the  development  to  give 
rise  to  fresh  cells  which  join  the  mesoblast. 

The  Spider's  blastoderm  now  resembles  that  of  an  Insect  (except 
for  the  amnion)  after  the  establishment  of  the  mesoblast,  and  the 
mode  of  oriein  of  the  mesoblast  in  both  groups  is  very  similar,  in  that 
the  longitudinal  ridge-like  thickening  of  the  mesoblast  shewn  in  fig. 
199  is  probably  the  homologue  of  the  mesoblastic  groove  of  the 
Insects'  blastoderm. 

The  ventral  plate  continues  to  grow  rapidly,  and  at  a  somewhat 
later  stage  (fig.  200  B)  there  are  six  segments  interposed  between  the 
procephaJic  and  caudal  lobes.  The  two  anterior  of  these  (c/^  and  jmI), 
especially  the  foremost,  are  less  distinct  than  the  remainder ;  and  it 
is  probable  that  both  of  them,  and  in  any  case  the  anterior  one,  are 
formed  later  than  the  three  segments  following.  These  two  segments 
are  the  segments  of  the  chelicene  and  pedipalpi.  The  four  s^meuts 
following  belong  to  the  four  pairs  of  ambulatory  legs.  The  segments 
form  raised  transverse  bands  separated  by  transverse  grooves.  There 
is  at  this  stage  a  faintly  markea  groove  extending  along  the  median 
line  of  the  ventral  plate.  This  groove  is  mainly  caused  by  the  origin- 
ally single  mesoblastic  plate  having  become  divided  throughout  the 
whole  region  of  the  ventral  plate,  except  possibly  the  procephalic 
lobes,  into  two  bands,  one  on  each  side  of  the  middle  line  (fig.  203  B). 

The  segments  continue  to  increase  in  number  by  the  continuous 
addition  of  fresh  segments  between  the  one  last  formed  and  the 
caudal  lobe.  By  the  stage  with  nine  segments  the  first  rudiments 
of  the  limbs  make  their  appearance.  The  first  rudiments  to  appear 
are  those  of  the  pedipalpi  and  four  ambulatory  limbs :  the  chehoersey 
like  the  segment  to  which  they  belong,  lag  behind  in  development. 
The  limbs  ap{)ear  as  small  protuberances  at  the  borders  of  their  seg- 
ments. By  the  stage  when  they  are  formed  the  procephalic  region 
has  become  bilobed,  and  the  two  lobes  of  which  it  is  composed  are 
separated  by  a  shallow  groove. 

By  a  continuous  elongation  the  ventral  plate  comes  to  form 
a  nearly  complete  equatorial  ring  round  the  ovum,  the  procephalic 
and  caudal  lobes  being  only  separated  by  a  very  narrow  space,  the 
undevelopwl  dorsal  region  of  the  embryo.  This  is  shewn  in  longitu- 
dinal section  in  fig.  204.    In  this  condition  the  embryo  may  be  spoken 

^  VariouH  vicwK  havci  boon  put  forward  by  Clapari^dc  and  Dalbiani  aboat  the  poaitiou 
and  sigiiificauoc  of  tho  primitive  oumuliu.  For  a  discuBiuon  of  whioh  vidt  self,  No.  440. 
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of  aa  liaving  a  dorsal  fiexin-e.  By  the  time  that  this  stnge  is  reached 
(fig.  200  C;  the  full  mini  her  of  segments  and  appendages  has  become 
established.  There  are  in  all  Bixteen  segments  (including  the  caudal 
lobe).  The  first  six  of  these  bear  the  permanent  appendages  of 
the  adult;  the  next  four  are  provided  with  provisional  append- 
ages; while  the  last  six  are  without  appendages.  The  further 
feature)!  of  this  stage  which  deserve  notice  are  (1)  the  appearance 
of  a  shallow  depression  {et) — the  rudiment  of  the  stomodeeum — 
between  the  hinder  part  of  the  two  procephalic  lobes;  (2)  the 
appearauco  of  raised  areas  on  the  inner  side  of  the  six  anterior 
append  age- hearing  segments.  These  are  the  rudiments  of  the  ven- 
tral ganglia,  It  deserves  to  be  especially  noted  that  the  segment  of 
the  cbelicera;,  like  the  succeeding  segments,  is  provided  with  ganglia; 
and  that  the  ganglia  of  the  chelicene  are  quite  distinct  from  the 
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Stage  vbcn  Ibe  veDtntI  plate  ii 


lery  imperfectly  iliSerentiated.    pr.c.  primitive 


B.  Ovnm  viewed  from  tlio  %\Ae  wLen  the  ventrai  plalc  Las  become  dividsd  into  rii 
Bcgments.  cb.  we^metA  of  obeliccnB  impertectl;  separated  from  proccpholic  lolic: 
pii.  segmeot  otpedipnlpi. 

C.  Ventral  plate  ideally  nnroUcd  after  the  (nil  nnmbcr  of  wiimBiila  and  appendages 
are  eBtablishod.  •(.  i<l«mi>dffiiim  bctvecn  the  two  pr^-orol  lobes.  Behind  the  ui 
pnini  of  permanent  appendaBW  ore  Recn  fonr  pairn  of  proviaional  appcnd»ee«. 

D  and  E.  Two  liews  o(  an  embtjo  at  the  eamo  stage.  D  ideally  nnrolled,  E  seen 
from  the  side.  tt.  utomodiram ;  tk.  ehelioertG  ;  on  their  inner  aide  is  neen  the 
esnglion  beUmgins  to  them.    pd.  pedipalpi;  pr.p.  proTiaional  BppeodaRes. 
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supra-CBSophageal  ganglia  derived  from  the  procephalic  lobes.  (3)  The 
pointed  form  of  the  caudal  lobe.  In  Pholcus  (Clapar^e,  No.  442) 
the  caudal  lobe  forms  a  projecting  structure  which,  like  the  caudal 
lobe  of  the  Scorpion,  bends  forward  so  as  to  face  the  ventral  surface  of 
the  part  of  the  body  immediately  in  front.  In  most  Spiders  such  a 
projecting  caudal  lobe  is  not  found.  While  the  embryo  still  retains  its 
doreal  flexure  considerable  chajiges  are  effected  in  its  general  consti- 
tution. The  appendages  (fig.  200  D  and  E)  become  imperfectly 
jointed,  and  grow  inwards  so  as  to  approach  each  other  in  the  middle 
line.  Even  in  the  stage  before  this,  the  ventral  integument 
between  the  rudiments  of  the  ganglia  had  become  very  much 
thinner,  and  had  in  this  way  divided  the  ventral  plate  into  two 
halves.  At  the  present  stage  the  two  halves  of  the  ventral  plate  are 
still  further  separated,  and  there  is  a  wide  space  on  the  ventral  side 
only  covered  by  a  delicate  layer  of  epiblast.  This  is  shewn  in  surface 
view  (fig.  200  D)  and  in  section  in  fig.  203  C. 

The  stomodseum  {H)  is  much  more  conspicuous,  and  is  bounded 
in  front  by  a  prominent  upper  lip,  and  by  a  less  marked  lip  behind. 
The  upper  lip  becomes  less  conspicuous  in  later  stac^es,  and  is  per- 
haps to  be  compared  with  the  provisional  upper  lip  of  Chelifer. 
Each  procephalic  lobe  is  now  marked  by  a  deep  semicircular  groove. 

The  next  period  in  the  development  is  characterised  by  the 
gradual  change  in  the  flexure  of  the  embryo  from  a  dorsal  to  a  ven- 
tral one ;  accompanied  by  the  division  of  the  bodv  into  an  abdomen 
and  cephalo-thorax,  and  the  gradual  assumption  of  the  adult  characters. 

The  change  in  the  flexure  of  the  embryo  is  caused  by  the  elon- 

gBktion  of  the  dorsal  region,  which  has  hitherto  been  hardly  developed, 
uch  an  elongation  increases  the  space  on  the  dorsal  surface  between 
the  procephalic  and  caudal  regions,  and  therefore  necessarily  sepa- 
rates the  caudal  and  procephalic  lobes;  but,  since  the  ventral  plate  doe? 
not  become  shortened  in  the  process,  and  the  embryo  cannot  straighten 
itself  in  the  egg-shell,  it  necessarily  becomes  ventrally  flexed. 

If  there  were  but  little  food  yolk  this  flexure  would  naturally 
cause  the  whole  embryo  to  be  bent  in  so  as  to  have  the  ventral 
surface  concave.  But  instead  of  this  the  flexure  is  at  first  con- 
fined to  the  two  bands  which  form  the  ventral  plate.  These  bands, 
as  shewn  in  fig.  201  A,  acquire  a  true  ventral  flexure,  but  the 
yolk  forms  a  projection — a  kind  of  yolk  sack  as  Barrois  (No.  441)  calls 
it — distending  tne  thin  integument  between  the  two  ventral  bands. 
This  yolk  sack  is  shewn  in  surface  view  in  fig.  201  A  and  in  section 
in  fig.  206.  At  a  later  period,  when  the  yolk  has  become  largely 
absorbed,  the  true  nature  of  the  ventral  flexure  becomes  quite 
obvious,  since  the  abdomen  of  the  young  Spider,  while  still  in  the 
egg,  is  found  to  be  bent  over  so  as  to  press  against  the  ventral  sur- 
face of  the  thorax  (fig.  201  B). 

The  general  character  of  the  changes  which  take  place  during 
this  period  in  the  development  is  shewn  in  fig.  201  A  and  B  represent- 
ing two  stages  in  it.     In  the  first  of  these  stages  there  is  no  con- 
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striction  between  the  future  thorax  and  abdomen.     The  four  pairs  of 
proviBional  appendages  exhibit  no  signs  of  atrophy ;  and  the  extent  of 


Fill.  301.       Two    I^TB    HTA0E8    IN    TBX    »E¥HI.OPilBK»    Or    AOBI.EHA   1. 

A.  Embrjo  from  (be  side  tX  tbe  stage  whea  tbcre  is  a  large  ventrftl  protuberanoe 
of  ;olk.  The  va^Xe  between  the  lino  of  insertion  of  tbo  pertnanenl  and  proviaiorutl 
Rppendsf^teB  Bhowa  the  exteat  ot  the  ventral  flexure. 

B.  Embryo  nearly  noAy  to  be  hatched.  Tbo  abdomen  which  haa  not  quite 
acquired  its  permanent  form  is  seen  to  be  preBsed  against  the  ventral  side  of  the  thorax. 

pr.l.  pcocephaliolobei  pd.  pedipalpij  ek.  ohelicers;  e.l,  candal  lobe;  pr.p.  pro- 
Tiaiunal  appendaseB. 

the  ventral  flexure  is  shewn  by  the  angle  formed  between  the  line  of 
their  insertion  and  that  of  the  appendages  in  front.  The  yolk  haa 
enormously  distended  the  integument  between  the  two  halves  of 
the  ventral  plat£,  as  is  illustrated  by  the  fact  that,  at  a  somewhat 
earlier  stage  than  that  figured,  the  limbs  cross  each  other  in  the 
median  ventral  line,  while  at  this  stage  they  do  not  nearly  meet. 
The  limbs  have  acquired  their  fiill  complement  of  joints,  and  thepedi- 
palpi  bear  a  cutting  blade  on  their  basal  joint. 

The  dorsal  surfiice  between  the  prominent  caudal  lobe  and  the 
procephalic  lobes  forma  more  than  a  semicircle.  The  tei^a  are  fully 
established,  und  the  boundaries  between  them,  especially  in  the  abdo- 
men, are  indicated  by  transverse  markings.  A  large  lower  lip  now 
botindsthestomodseum,and  the  upper  lip  has  somewhat  atrophied.  In 
the  lat«r  stage  {fig.  201  B)  the  greater  part  of  the  yolk  has  passed  into 
the  abdomen,  which  is  now  to  some  extent  constricted  on  from  the 
cephalo-thorax.  The  appendages  of  the  four  anterior  abdominal 
somites  have  disappearea,  and  the  caudal  lobe  has  become  very  smalt. 
In  front  of  it  are  placed  two  pairs  of  spinning  niommilluB.  A  delicate 
cuticle  has  become  established,  which  is  very  soon  moulted. 
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*"ftri^ft  The  derelopment  of  the  Amino,  which  hu  been  nutinly 
invMtig&ted  by  OlapArMe  (No.  446),  is  ohiefly  remarkable  from  the  freqnent 
occurrence  of  seTenil  larval  forms  following  each  other  after  BucoeBsive 
ectlyses.  The  segmentation  (w/a  p.  95)  ends  in  the  formation  of  a  blaato- 
derm  of  a  single  layer  of  oella  enoloeing  %  oentral  yolk  mara. 

A  ventnl  plate  is  soon  formed  as  a  titiokoning  of  tbe  blastoderm 
in  which  an  indistinct  segmmtation  becomes  early  obeervable.  In  Myobia, 
which  is  puaaitia  oa  the  ocanmon  mouse^  the  rentral  plate  becomes 
divided  by  five  constrictions  into  six  segments  (fig.  203  A),  trvta  the  five 
anterior  of  which  paired  appendages  very  Boon  grow  out  (fig.  802  B).  Hie 
appendages  are  the  chelioem  fe/i)  and  pedipalpi  {pd)  and  die  first  three 
pairs  of  limbs  (/>' — jf).  On  tne  dunal  side  of  the  chelioens  a  thickened 
prominence  of  the  Tontral  plate  af^iean  to  oonespond  to  the  prooephalic 
lobes  of  other  Arechmda.  The  part  ot  the  body  behind  the  five  primitive 
appendage-bearing  se^ents  appe*ra  to  become  divided  into  at  least  two 
segments.  In  otiber  mites  the  same  appendages  ate  formed  as  in  Myobia, 
but  the  preceding  segmentatimi  ot  the  rentnl  plate  is  not  always  very 
obvious. 

In  Myobia  two  monltan^  take  ptaoe  while  the  embryo  la  still  within  the 
primitive  c^-ehelL  The  first  of  tfieee  is  acoompanied  by  the  apparently 
total  ditappMramM  qf  He  tJtm  pudyfarm  appmdofftt,  and  the  complete 
coalescence  of  the  two  gnathiform  appendages  into  a  probcecis  (fig.  202  C). 
The  feet  next  grow  out  again,  and  a  second  eodysis  then  takes  place. 
The  embryo  becomes  thus  enclosed  within  three  successive  membrutes. 


Fio.  909.     FoDS  nrccnsin  STAOKa  m  *be  nrmoi-KEid  or  Myobu 

Mtrscmj.     (After  CUpartde.) 
'.  p<Mt-on]  aeipnenta;  e*.  chelioerc;  pd.  pedipalpi;  pr,  proboaoia  fonned  by 
id  pedipalpi ;  p',  p',  etc.  ambolatoiy  appendafjM. 


tbo  ooalcaoeooe  of  the 


aecnent*;  d 
le  ehelioera  ai 


vis.  the  original  egg-shell  and  two  cuticnlar  membranes  (fig.  202  D). 
Aft«r  the  second  ecdysis  the  appendages  assume  their  final  form,  and  the 
eml)ryo  leaves  the  egg  as  an  hexapodous  larva.  The  fourth  pair  of  ap- 
pendages is  acquired  by  a  postembryonio  metemorphoeis.     From  the  pro- 
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boscis  are  formed  the  rudimentary  palpi  of  the  second  pair  of  appendages, 
and  two  elongated  needles  representing  the  chelicerse. 

In  the  cheese  mite  (Tyroglyphns)  the  embryo  has  two  ecdyses  which 
are  not  accompanied  by  the  peculiar  changes  observable  in  Myohia :  the 
cheliccraa  and  pedipalpi  fu^e  however  to  form  the  proboscis.  The  first 
larval  form  is  hexapodous,  and  the  last  pair  of  appendages  is  formed  at 
a  subsequent  ecdysia 

In  A  tax  Bonzi,  a  form  parasitic  on  Unio,  the  development  and  meta- 
morphosis are  even  more  complicated  than  in  Myobia.  The  first  ecdysis 
occurs  before  the  formation  of  the  limbs,  and  shortly  after  the  ventral 
plate  has  become  divided  into  segments.  Within  the  cuticular  membrane 
resulting  from  the  first  ecdysis  the  anterior  five  pairs  of  limbs  spring 
out  iu  the  usual  fashion.  They  undergo  considerable  differentiation ;  the 
chelicerse  and  pedipalpi  approaching  each  other  at  the  anterior  extremity 
of  the  body,  and  the  tjiree  ambulatory  legs  becoming  segmented  and 
clawed.  An  <Bsophagtis,  a  stomach,  and  an  oesopliageal  nerve-ring  are  also 
formed.  When  the  larva  has  attained  this  stage  the  original  egg-shell  is 
split  into  two  valves  and  eventually  cast  off,  but  the  embryo  remains 
enclosed  within  the  cuticular  membrane  shed  at  the  first  ecdysis.  This 
cuticular  membrane  is  spoken  of  by  Clapar^de  as  the  deutovum.  In 
the  deutovum  the  embryo  undergoes  further  changes;  the  chelicerse  and 
pedipalpi  coalesce  and  form  the  prol)Oscis;  a  spacious  body  cavity  with 
blood  corpuscles  appears ;  and  the  alimentary  canal  enclosing  the  yolk  is 
formed. 

The  larva  now  begin«  to  move,  the  cuticular  membrane  enclosing 
it  is  ruptured,  and  the  larva  becomes  free.  It  does  not  long  remain 
active,  but  soon  bores  its  way  into  the  gills  of  its  host,  undergoes  a  fresh 
moult,  and  becomes  quiescent.  The  cuticular  membrane  of  the  moult 
just  effected  swells  up  by  the  absorption  of  water  and  becomes  spherical. 
Peculiar  changes  take  place  in  the  tissues,  and  tlie  limbs  become,  as  in 
Myobia,  nearly  absorbed,  remaining  however  as  small  knobs.  The  larva 
swims  about  as  a  spherical  body  within  its  shell.  The  feet  next  grow  out 
afresh,  and  the  {>osterior  pair  is  added.  From  the  proboscis  the  palpi  (of 
the  pedipalpi)  grow  out  below.  The  larva  again  becomes  free,  and  amongst 
other  changes  the  chelicei*se  grow  out  from  the  proboscis.  A  further  ecdysis, 
with  a  period  of  quiescence,  intervenes  between  this  second  larval  form 
and  the  adult  state. 

The  changes  in  the  appendages  which  appear  common  to  the  Mites 
generally  are  (1)  the  late  development  of  the  fourth  pair  of  appendages,  which 
results  in  the  constant  occuiTence  of  an  hexapodous  larva  ;  and  (2)  the  early 
fusion  of  the  chelicerse  and  pedipalpi  to  form  a  proboscis  in  which  no  trace 
of  the  original  appendages  can  be  discerned.  In  most  instances  palpi  and 
stilets  of  variable  form  are  subsequently  developed  in  connection  with  the 
proboscis,  and,  as  indicated  in  the  above  descriptions,  are  assumed  to  cor- 
respond with  the  two  original  embryonic  appendagea 

The  history  of  the  germiruil  layers. 

It  is  a  somewhat  remarkable  fact  that  each  of  the  groups  of  the 
Arachnida  so  far  studied  has  a  different  form  of  segmentatioD. 
The   types  of  Chelifer  and  the   Spiders  are   simple   modifications 
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of  the  centrolecithal  type,  while  that  of  Scorpio,  though  apparently 
meroblastic,  is  probably  to  be  regarded  in  the  same  light  [vide  p.  99 
and  p.  359).  The  early  development  begins  in  the  Scorpion  and 
Spiders  with  the  formation  of  a  ventral  plate,  and  there  can  be  but 
little  doubt  that  Chelifer  is  provided  with  an  homologous  structure, 
though  very  probably  modified,  owing  to  the  small  amount  of  food- 
yolk  and  early  period  of  hatching. 

The  history  of  the  layers  and  their  conversion  into  the  organs  has 
been  studied  in  the  case  of  the  Scorpion  (Metschnikoff,  No.  434), 
and  of  the  Spiders ;  and  a  close  agreement  has  been  found  to  obtain 
between  them. 

It  will  be  convenient  to  take  the  latter  group  as  type,  and  simply 
to  call  attention  to  any  points  in  which  the  two  groups  differ. 

The  epiblaflt*  The  epiblast,  besides  giving  rise  to  the  skin  (hypo- 
dermis  and  cuticle),  also  supplies  the  elements  for  the  nervous  system 
and  organs  of  sense,  and  for  the  respiratory  sacks,  the  stomodseum  and 
proctodseum. 

At  the  period  when  the  mesoblast  is  definitely  establishe<l,  the 
epiblast  is  formed  of  a  single  layer  of  columnar  ceUis  in  the  region  of 
tne  ventral  plate,  and  of  a  layer  of  fiat  cells  over  other  parts  of  the 
yolk. 

When  about  six  segments  are  present  the  first  changes  take  place. 
The  epiblast  of  the  ventral  plate  then  becomes  somewhat  thinner  in 
the  median  line  than  at  the  two  sides  (fie.  203  B).  In  succeeding 
stages  the  contrast  between  the  median  and  the  lateral  parts  becomes 
still  more  marked,  so  that  the  epiblast  becomes  finally  constituted  of 
two  lateral  thickened  bands,  which  meet  in  front  in  the  procephalic 
lobes,  and  behind  in  the  caudal  lobe,  and  are  elsewhere  connected  by 
a  very  thin  layer  (fig.  203  C).  Shortly  after  the  appendages  begin 
to  be  formed,  the  first  rudiments  of  the  ventral  nerve-cord  become 
established  as  epiblastic  thickening  on  the  inner  side  of  each  of  the 
lateral  bands.  The  thickenings  of  the  epiblast  of  the  two  sides  arc 
quite  independeut,  as  may  be  seen  in  ng.  203  C,  r/2,  taken  from  a 
stage  somewhat  subsequent  to  their  first  appearance.  They  are 
developed  from  before  backwards,  but  either  from  the  first,  or  in  any 
case  very  soon  afterwards,  cease  to  form  uniform  thickenings,  but 
constitute  a  linear  series  of  swellings — the  future  ganglia — connected 
by  very  short  less  prominent  thickenings  of  the  epiblast  (fig.  200  C). 
The  nidiments  of  the  ventral  nerve-cord  are  for  a  long  time  con- 
tinuous with  the  epiblast,  but  shortly  after  the  establishment  of  the 
dorsal  surface  of  the  embryo  they  become  separated  from  the  epiblast 
and  constitute  two  independent  cords,  the  histological  structure  of 
which  is  the  same  as  in  other  Tracheata  (fig.  206,  vn). 

The  ventral  conis  are  at  first  composed  of  as  many  ganglia  as 
there  are  segments.  The  foremost  pair,  belonging  to  the  segment  of 
the  cheliceniu,  lie  immediately  behind  the  stomodaeum,  and  are  as 
independent  of  each  other  as  the  remaining  ganglia.  Anteriorly 
they  bonier  on  the  supra-oesophageal  ganglia.    When  the  yolk  sack  is 


TRAGHSATA.  371 

fnrmed  in  connection  with  the  ventral  flexure  of  the  embryo,  the  two 
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A.  BtBflo  when  about  three  se^^eutB 
divided  inti)  twn  bands. 

B.  Stage  when  sii 
divided  iiilo  two  banda. 

C.  Btage  reprsBonted  in  fig.  300  D.     The  Tcntral  oorda  hare  begtut 
tUokeninga  at  the  epiblaBl,  and  the  limbs  are  esUbUshud. 


formed.     The  ineBOblBBtio  plat«  is  not 

?ginents  are  present  (lig.  200  B).      The   mesoblast  is  now 

be  formed  00 


.  mesobloati    vk-i.  aeBobhtatio  » 


■  ventral  nerve-cord; 


nerve-cords  become  very  widely  separated  (fig.  206,  vn)  in  their  niiddie 
region.  At  a  later  period,  at  the  stage  represented  in  fig.  201  B,  they 
again  become  approximated  in  the  ventral  line,  and  delicate  commis- 
sures are  formed  uniting  the  ganglia  of  the  two  sides,  but  there  is  do 
trace  at  this  or  any  other  period  of  a  median  invagination  of  epiblast 
between  the  two  cords,  such  as  Hatschek  and  other  observers  have 
attempted  to  establish  for  various  Arthropoda  and  Chtetopoda.  At 
'  the  stage  represented  in  fig.  201 A  the  nerve  ganglia  are  still  present  in 
the  abdomen,  though  only  about  four  ganglia  can  be  distinguished. 
At  a  later  stage  these  ganglia  fuse  iuto  two  continuous  cords,  united 
however  by  commissures  corresponding  with  the  previous  ganglia. 

The  ganglia  of  the  chelicerce  have,  by  the  stage  represented  in 
fig.  201  B,  completely  fused  with  the  supra-casophageal  ganglia  and 
form  part  of  the  cosophageal  commissure.  The  oesophageal  commis- 
sure  is  however  completed  ventrally  by  the  gangUa  of  the  pedipalpt. 

The  Bupra-<EsophageaI  gangUa  are  formed  independently  of  the 
ventral  cords  as  two  thickenings  of  the  procephalic  lobes  (fig.  205). 
The  thickenings  of  the  two  lobes  are  independent,  and  each  of  them 
becomes  early  marked  out  by  a  semicircular  groove  (fig.  200  D) 
running  outwards  from  the  upper  lip.  Each  thickening  eventually 
becomes  detached  from  the  superficial  cpiblast,  but  before  this  takes 
place  the  two  grooves  become  deeper,  and  on  the  separation  of  the 
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ganglia  from  the  epiltlast,  the  cells  lioiag  the  grooves  become  in-J 
voluted  and  detached  from  the  akin,  and  form  an  integral  part  c  " 
the  aupra-ce^fjphageal  ganglia. 

At  the  Btoge  repreeooted  La  fig.  201  B  the  siipra-atiophagcal  ganglitti 
arc  completely  Uctached  from  the  epihlast,  and  are  coustituted  of  tbttfl 
following  pmis:  (1)  A  dorsal  section  foi'med  of  two  hemispherical  lobaa^,! 
maialy  formed  of  the  invaginated  lining  of  the  semicirciilur  grooves.  Thai 
originiU  lumen  of  the  groove  is  still  present  on  the  outer  side  of  theael 
lobea.  (2)  Two  central  manBes,  one  for  each  ganglion,  formed  of  puncti-l 
form  tissue,  and  connected  by  a  transverse  commitraure.  (3)  A  veutnil  ■ 
anterior  lobe.  (4)  The  origiuul  ganglia  of  the  chelicene,  which  form  thttl 
rentitil  parts  of  the  ganglia '.  fl 

The  later  utages  in  the  development  of  the  nerroas  system  have  notl 
been  worked  out,  I 

The  development  of  the  nervous  eyxtem  in  the  Scorpion  is  almort  ' 
identical  with  that  in  Spiders,  but  Metschnikoff  believes,  though  without 
adducing  satisfactory  evidence,  that  the  median  integument  between  tho 
two  nerve  cords  assists  in  forming  the  ventral  nerve  cord.     Uroovea  an 
present  in  the  Hupra-oesophngetJ  ganglia  similar  to  those  in  Spiders. 

The  mesoblast.  The  history  of  the  mesoblast,  up  to  the  foniiation  I 
of  a  ventral  plate  subjacent  to  the  thickened  plate  of  cpiblast,  has  been  J 
already  given.    The  ventral  plate  a  shewn  in  6g.  203  A.     It  ia  see 
to  be  formed  mainly  of  Bmall  cells,  but  some  large  celU  are  shewn  i 


FW.  201.       LOWIHTUDIKU.    BEOTIOM    TanOOOlI    ««    EMBDIO   OF    AotUKi    LUniXmtU. 

The  lection  U  thniogb  an  embryo  of  the  uune  age  m  tb>t  lepicBented  in  Hr.  20O  C, 
uid  is  t&ken  ^ightl;  to  one  Hide  of  the  middle  lins  so  ««  t«  ibow  the  relation  of  tba 
meaoblMtio  •onules  to  th«  limba     In  the  interior  ue  wen  tli«  ;olk  a 

1 18.  the  tegmenta;  pr.I.  procephalie  lobe ;  io.  dorsal  integument. 

the  act  of  passing  into  it  from  the  yolk.    During  a  considerable  aectioafl 

'   For  liirth<Tr  details  rirff  M-lf,  No,  44O. 
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of  the  subsequent  development  the  mesoblaat  is  confined   to   the 
ventral  plate. 

The  first  important  change  takes  place  when  about  six  somites 
are  established ;  the  mcsoblost  then  becomes  divided  into  two  lateral 
bands,  ohewn  in  section  in  fig.  203  B,  which  meet  however  in  front  in 
the  procephalic  lobes,  and  behind  in  the  caudal  lobes.  Very  shortly 
aftenvards  those  bands  become  broken  up  into  a  number  of  parts 
corresponding  to  the  segments,  each  of  which  soon  becomes  divided 
into  two  layers,  which  enclose  a  cavity  between  them  {vide  fig.  204 
and  fig.  207).  The  outer  layer  {somatic)  is  thicker  and  attached  to 
the  epiblaat,  and  the  inner  layer  (splanchnic)  is  thinner  and  mainly,  if 
not  entirely,  derived  (in  Agelena)  from  cells  which  originate  in  the  yolk. 
These  structures  constitute  the  mesoblastic  somites.  In  the  appenaage- 
bearing  segments  the  somatic  layer  of  each  of  them,  together  with  a 
prolongation  of  the  cavity,  is  continued  into  the  appendage  (fig.  203  C). 
Since  the  cavity  of  the  mesoblastic  somites  is  part  of  the  body  cavity, 
all  the  appendages  contain  prolongations  of  the  body  cavity.  Not  only 
is  a  pair  of  mesoblastic  somites  formed  for  each  segment  of  the  body, 
but  also  for  the  procephalic  lobes  (fig.  205).  The  mesoblastic  somites 
for  these  lobes  are  established  somewhat  later  than  for  the  true  seg- 
ments, but  only  differ  from  them  in  the  fact  that  the  somites  of  the 
two  sides  are  united  by  u  median  bridge  of  undivided  uiesoblast  The 
development  of  a  somite  for  the  procephalic  lobes  is  similar  to  what 
lias  been  described  by  Kleinenberg  for  Lumbriciis  (p.  281),  but  must 
not     be    necessarily 

supposed  to  indicate  tt 

that  the  procephalic 
lobes  fonn  a  segment 
equivalent  to  the  seg- 
ments of  the  trunk. 
They  are  rather  equi- 
valent to  the  pne- 
oral  lobe  of  Chseto- 
pod  larva;.  When 
the  dorsal  surface  of 
the  embryo  is  esta- 
blished a  thick  layer 
of  inesoblast  becomes 
formed  below  theepi- 
blast.  This  layer  is 
not  however  derived  from  an  upgrowth  (rf  the  mesoblast  of  the 
somites,  but  from  cells  which  originate  in  the  yolk.  The  first  traces  of 
the  layer  are  seen  in  fig.  204,  ilo,  and  it  is  fully  established  as  a  layer 
of  large  round  cells  in  the  stage  shewn  in  fig.  206.  This  layer  of 
cells  is  seen  to  bo  quite  independent  of  the  mesoblastic  somites 
{me.s).  The  mesoblast  of  the  dorsal  surface  becomes  at  the  stage 
representc<l  in  fig.  2U1  B  divided  into  splanchnic  and  somatic  layers, 
and  in  the  abdomeu  at  any  rate  into  somites  continuous  with  those 


is  taken  from  an  embryo  of  the  Bame  *^ 


Tbe  section 
,a  Gg.  300  D. 

$t.  Btomodnam;    gr.   Motion    tliron^h   eetni-oircnlar 
groove  in  prooephatie  lobe  ;  eiji.  cephalic  section  of  bodj 
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For  a  considerable  period  it  is  composed  of  the  polygonal  yolk 
cells  already  described  and  shewn  in  figs.  203,  204,  and  205.  The 
yolk  cells  divide  and  become  some- 
what smaller  as  development  pro- 
ceeds; but  the  main  products  of 
the  division  of  the  yolk  nuclei  and 
the  protoplasm  around  them  are 
undoubtedly  cells  whichjoin  the 
mesoblast  (fig.  203  A).  The  per- 
manent alimentary  tract  is  formed 
of  three  sections,  viz.  stomodseum, 
proctodaium,  and  mesenteron.  The 
stomodieum  and  proctodasum  are 
both  formed  before  the  mesenteron. 
The  Btomodaium  is  formed  ae  an 
epiblaatic  pit  between  the  two  pro- 
cephalic  lobes  (fig.  200  and  205,  «()■ 
It  becomes  deeper,  and  by  the 
latest  stage  figured  is  a  deep  pit 
lined  by  a  cuticle  and  ending  blind- 
ly. To  its  hinder  section,  which 
forms  the  suctorial  apparatus  of 
the  adult,  three  powerful  muscles 
(a  dorsal  and  two  lateral)  are  at- 
tached. 

The  proctodEEum  is  formed  con- 
siderably later   than   the   stomo- 
daium.      It    is    a    comparatively     „u„^  ,^^,^ 
shallow   involution,   which    forms 

the  rectum  of  the  adult.     It  is  dilated  at  its  extremity,  and   two 
Malpighian  vessels  early  grow  out  from  it. 

The  mesenteron  is  formed  in  the  interior  of  the  yolk.  Its  walla 
are  derived  from  the  cellular  elements  of  the  yolk,  and  the  first 
section  to  be  fonued  is  the  hinder  extremity,  which  appears  as  a  short 
tube  ending  blindly  behind  in  contact  with  the  proctoda:um,  and  open 
to  the  yolk  in  front.  The  later  history  of  the  mesenteron  has  not  been 
followed,  but  it  undoubtedly  includes  the  whole  of  the  abdominal 
section  of  the  alimentary  canal  of  the  adult,  except  the  rectum,  and 
probably  also  the  thoracic  section.  The  later  history  of  the  yolk 
which  encloses  the  mesenteron  has  not  been  satisfactorily  studied, 
though  it  no  doubt  gives  rise  to  the  hepatic  tubes,  and  probably 
also  to  the  thoracic  diverticula  of  the  alimentary  tract. 

The  general  history  of  the  alimentary  truct  in  Scorpio  is  much  the  same 
aa  in  Spiders,  The  hypoblast,  the  origin  of  which  as  mentioned  above  is 
somewhat  uacertain,  firat  ap|>earB  on  the  ventral  side  and  gradually  spreads 
so  as  to  envelop  the  yolk,  and  fonn  the  wall  of  the  tuesenteron,  from 
which  the  liver  is  formed  us  a  pair  of  lateral  outgrowths.  The  procto- 
dienm  and  stomodieum  are  both  short,  especially  the  former  (vi<ih  fig.  207). 


iTEB.     (Aftar  Metschnikoff,) 
a(.  olimeDtBty  tract;   an.i.  mix 
TakginatioD;    ep.   epiblaat;    mta. 
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Suinniary  and  general  coiwlusions. 

The  embryonic  forms  of  Scorpio  and  Spiders  are  very  similar,  but 
in  spite  of  the  general  similarity  of  Chelifer  to  Scorpio,  the  embryo 
of  the  former  differs  far  more  from  that  of  Scorpio  than  the  latter  does 
fix)m  Spiders.  This  peculiarity  is  probably  to  be  explained  by  the 
early  period  at  which  Chelifer  is  hatched;  and  though  a  more 
thorough  investigation  of  this  interesting  form  is  much  to  be  desired, 
it  does  not  seem  probable  that  its  larva  is  a  primitive  type. 

The  larva)  of  the  Acarina  with  their  peculiar  ecdyses  are  to  be 
regarded  as  much  modified  larval  forms.  It  is  not  however  easy  to 
assign  a  meaning  to  the  hexapodous  stage  through  which  they 
generally  pass. 

With  reference  to  the  segments  and  appendages,  some  interesting 
points  are  brought  out  by  the  embryological  study  of  these  forms. 

The  maximum  number  of  segments  is  present  in  the  Scorpion, 
in  which  nineteen  segments  (not  including  the  prae-oral  lobes,  but 
including  the  tolson)  are  developed.  Of  these  the  first  twelve  seg- 
ments have  traces  of  appendages,  but  the  appendages  of  the  six  hist  of 
these  (unless  the  pecten  is  an  appendage)  atrophy.  In  Spiders  there 
are  indications  in  the  embryo  of  sixteen  segments;  and  in  all  the 
Arachnida,  except  the  Acarina,  at  the  least  four  segments  bear  ap- 
pendages in  the  embryo  which  are  without  them  in  the  adult.  The 
morphological  bearings  of  this  fact  are  obvious. 

It  deser\'es  to  be  noted  that,  in  both  Scorpio  and  the  Spider,  the 
chelicene  are  borne  in  the  embryo  by  the  first  post-oral  segment, 
and  provided  with  a  distinct  ganglion,  so  that  they  cannot  correspoinl 
(as  they  are  usually  supposed  to  do)  with  the  antennaj  of  Insects, 
which  are  always  developed  on  the  prju-oral  lobes,  and  never  supplied 
by  an  independent  gangli(m. 

The  chelicene  would  seem  probably  to  correspond  with  the  mandi- 
bles of  Insects,  and  the  antennae  to  be  absent.  In  favour  of  this  view  is 
the  fiict  that  the  embryonic  ganglion  of  the  mandibles  of  Insects  is 
stated  (cf.  Lepidoptera,  Hatschek,  p.  340)  tt)  become,  like  the  ganglion 
of  the  clu'licenis  converted  into  piirt  of  the  cesophageal  commissure. 

If  the  above  considerations  are  correct,  the  apjiendages  of  the 
Arachnida  retiiin  in  many  respects  a  very  much  more  })riniitive  con- 
dition than  those  of  Insects.  In  the  first  place,  both  the  cheliceraj 
and  pedipalpi  are  much  less  diiFerentiated  than  the  mandibles  aud 
first  piir  of  maxilla)  with  which  they  correspond.  In  the  second 
I)lace,  the  first  pair  of  ambulatory  limbs  must  be  ecjuivalent  to  the 
seomd  pair  of  maxilla)  of  Insects,  which,  for  reasons  stated  above, 
were  probably  originally  ambulatory.  It  seems  in  fact  a  necessary 
dedu(*tion  from  the  arguments  stated  that  the  ancestors  of  the  present 
In.socta  and  Arachni(la  must  have  diverged  from  a  common  stem  of 
the  Tracheata  at  a  time  when  the  second  pair  of  maxilla^  were  still 
ainbulatorv  in  function. 

With  njferenco  to   tbo  order  of  the  developineiit  of  the  np|>en<1ageK 
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and  segments,  very  considerable  differences  are  noticeable  in  the  different 
Arachnoid  types.  This  fact  alone  appears  to  me  to  be  sufficient  to  prove 
that  the  order  of  appearance  of  the  appendages  is  often  a  matter  of 
embryonic  convenience,  without  any  deep  morphological  significance.  In 
Scorpio  the  segments  develop  successively,  except  perhaps  the  first  post- 
oral,  which  is  developed  after  some  of  the  succeeded  segments  have 
been  formed.  In  Spiders  the  segment  of  the  chelicerse,  and  probably  also 
of  the  pedipalpi,  appears  later  than  the  next  three  or  four.  In  both  these 
types  the  segments  arise  before  the  appendages,  but  the  reverse  appears  to 
be  the  case  in  Chelifer.  The  permanent  appendages,  except  the  chelicer», 
appear  simultaneously  in  Scorpions  and  Spiders.  The  second  pair  appears 
long  before  the  others  in  Chelifer,  then  the  third,  next  the  first,  and 
finally  the  three  hindermost. 
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Formation  of  the  layers  and  the  embryonic  envelopes  in  tlie  Trojcheaia. 

There  is  a  striking  constancy  in  the  mode  of  formation  of  the 
layers  throughout  the  group.     In  the  first  place  the  hypoblast  is  not 
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formed  by  a  process  which  can  be  reduced  to  invagination :  in  other 
words,  there  is  no  gastrula  stage. 

Efforts  have  been  made  to  shew  that  the  mesoblastic  groove  of  Insects 
implies  a  modified  gastrula,  but  since  it  is  the  essence  of  a  gastruhi  that  it 
should  directly  or  indirectly  give  rise  to  the  archenteron,  the  groove  in 
question  cannot  fiedl  under  this  category.  Although  the  mesoblastic  groove 
of  Insects  is  not  a  gastrula,  it  is  quite  possible  that  it  is  the  rudiment  of  a 
blastopore,  the  gastrula  corresponding  to  which  has  now  vanished  from 
the  development.  It  would  thus  be  analogous  to  the  primitive  streak 
of  Vertebrates  \ 

The  growth  of  the  blastoderm  over  the  yolk  in  Scorpions  admits  no 
doubt  of  being  regarded  as  an  epibolic  gastrula.  The  blastopore  would 
however  be  situated  dorsally,  a  position  which  it  does  not  occupy  in  any 
gastrula  type  so  far  dealt  with.  This  fact,  coupled  with  the  consideration 
that  the  partial  s^^entation  of  Scorpio  can  be  derived  without  difficnlty 
from  the  ordinary  Arachnidan  type  (vide  p.  99),  seems  to  shew  that  there 
is  no  true  epibolic  invagination  in  the  development  of  Scorpio. 

On  the  formation  of  the  blastoderm  traces  of  two  embryonic  layers 
are  established.  The  blastoderm  itself  is  essentially  the  epiblast, 
while  the  central  yolk  is  the  hjrpoblast.  The  formation  of  the  embryo 
commences  in  connection  with  a  thickening  of  the  blastoderm, 
known  as  the  ventral  plate.  The  mesoblast  is  formed  as  an  unpaired 
plate  split  off  from  the  epiblast  of  the  ventral  plate.  This  process 
takes  place  in  at  any  rate  two  ways.  In  Insects  a  groove  is  formed, 
which  becomes  constricted  off  to  form  the  mesoblastic  plate:  in 
Spiders  there  is  a  keel-like  thickening  of  the  blastoderm,  which  takes 
the  place  of  the  groove. 

The  unpaired  mesoblastic  plate  becomes  in  all  forms  very  soon 
divided  into  two  mesobUistic  bands. 

The  mesoblastic  bands  are  very  similar  to,  and  probably  homo- 
logous with,  those  of  Chsetopoda ;  but  the  diiFerent  modes  by  which 
they  arise  in  these  two  groups  are  very  striking,  and  probably  indi- 
cate that  profound  modifications  have  taken  place  in  the  early 
development  of  the  Tracheata.  In  the  Chaetopoda  the  bands  are 
from  the  first  widely  separated,  and  gradually  approach  each  other 
ventrally,  though  without  meeting.  In  the  Tracheata  they  arise  from 
the  division  of  an  unpaireil  ventral  plate. 

The  further  history  of  the  mesoblastic  bands  is  nearly  the  some 
for  all  the  Tracheata  so  far  investigated,  and  is  also  very  much  the 
same  as  for  the  ChiL'topoda.  There  is  a  division  into  somites,  each 
containing  a  section  of  the  body  cavity.  In  the  cephalic  section  of 
the  mesoblastic  bands  a  section  of  the  body  cavity  is  also  furme<l. 
In  Arachnida,  Myriajwda,  and  probably  also  Insecta,  the  body  cavity 
is  primitively  prolonged  into  the  limbs. 

In  Spiders  at  any  rate,  and  very  probably  in  the  other  groups  of 

*  Tho  primitivo  Btrcak  of  Vertebrates,  as  will  appear  in  the  Requel,  has  no  oon- 
neotion  with  tho  medullary  Kroove,  and  is  the  rudiment  of  the  blastopore. 
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the  Tracheata,  a  large  part  of  the  mesoblast  is  not  derived  from  the 
mesoblastic  plate,  but  is  secondarily  added  from  the  yolk-cells. 

In  all  Tracheata  the  yolk-cells  give  rise  to  the  mesenteron  which, 
in  opposition,  as  will  hereafter  appear,  to  the  mesenteron  of  the  Crus- 
tacea, forms  the  main  section  of  the  permanent  alimentary  tract. 

One  of  the  points  which  is  still  most  obscure  in  connection  with 
the  embryology  of  the  Tracheata  is  the  origin  of  the  embryonic  mem- 
branes. Amongst  Insects,  with  the  exception  of  the  Thysanura,  such 
membranes  are  well  developed.  In  the  other  groups  definite  mem- 
branes like  those  of  Insects  are  never  found,  but  in  the  Scorpion  a 
cellular  envelope  appears  to  be  formed  round  the  embryo  firom  the 
cells  of  the  blastoderm,  and  more  or  less  similar  structures  have  been 
described  in  some  Myriapods  {vide  p.  322).  These  structures  no  doubt 
further  require  investigation,  but  may  provisionally  be  regarded  as 
homologous  with  the  amnion  and  serous  membrane  of  Insects.  In 
the  present  state  of  our  knowledge  it  does  not  seem  easy  to  give  any 
explanation  of  the  origin  of  these  membranes,  but  they  may  be  in 
some  way  derived  from  an  early  ecdysis. 


CHAPTER   XVIII. 


CRUSTACEA'. 


History  of  the  larval  forms*. 

The  larval  forms  of  the  Crustacea  appear  to  have  more  faithfully 
preserved  their  primitive  characters  than  those  of  almost  any  other 
group. 

Branchiopoda. 

The  Branchiopoda,  comprising  under  that  term  the  Phyllopoda 
and  Cladocera,  contain  the  Crustacea  with  the  maximum  number 
of  segments  and  the  least  differentiation  of  the  se{)arate  appen- 
dages. This  and  other  considerations  render  it  probable  that  they 
are  to  be  regarde<l  as  the  most  central  group  of  the  Crustaceans,  and 
as  in  many  respects  least  modified  from  the  ancestral  type  from 
which  all  the  groups  have  originated. 

The  free  larval  stages  when  such  exist  commence  with  a  larval 
form  known  as  the  Nauplius. 

The  term  Nauplius  was  applied  by  O.  F.  MuUer  to  certain  larval 
ft>rms  of  the  CopejKMla  (fig.  220)  in  the  belief  that  they  were  adult. 

^  The  following  is  the  claBsification  of  the  Crustacea  employed  in  the  present 
chapter. 

I    Branchiopoda.    i/^?^'i^?2?**  iP«^««n,v^^a  ^^'<^tantia. 

'nSL".         "^-  Copepoda.   j^3.^  i^-«"- 

Schizopoda.  /Thoracica. 

li.  Malacostraca.    <  S^X^a.      ^v.  Clrripedia.     Sa"!'"""'- 

I  Cumaceio.  (uhizi>ccphala. 

iKdriophthalmata.  V.    OstraCOda. 
'  The  imiMrtancc  of  the  larval  history  of  the  Crustacea,  coupled  ^ith  our  coni|)ara* 
tivo  i^noranco  of  the  formation  of  the  laycTH,  has  rendered  it  neccsHary  for  me  to  diverge 
somewlmt  from  the  general  plan  of  the  work,  and  to  defer  the  account  of  the  formation 
of  tlie  hiyers  till  after  that  of  the  Urval  forms. 
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The  term  has  now  heen  extended  to  a  very  large  number  of  larrsB 
which  have  certain  definite  characters  in  common.  They  are  provided 
(fig.  208  A)  with  three  pairs  of  appendages,  the  future  two  pairs  of 
anteonie  and  mandibles.  The  first  pair  of  antennae  (an*)  is  unt- 
ramous  and  mainly  sensory  in  function,  the  second  pair  of  auteniiEe  (an*) 
and  mandibles  {tnd)  are  biramons  swimtning  appendages,  and  the 
mandibles  are  without  the  future  cutting  blade.  The  Nauplius 
mandibles  represent  in  fact  the  palp.  The  two  posterior  appendages 
are  both  provided  with  hook -like  prominences  on  their  basal  joints, 
used  in  mastication.  The  body  in  most  cases  is  unscgmented, 
and  bears  anteriorly  a  single  median  eye.  There  is  a  large  upper  lip, 
and  an  alimentary  canal  formed  of  oesophagus,  stomach  and  rectum. 
The  anus  opens  near  the  hind  end  of  the  body.  On  the  dorsal  sur- 
face small  folds  of  skin  frequently  represent  the  commencement  of 
a  dorsal  shield.  One  very  striking  peculiarity  of  the  Nauplius  accord- 
ing to  Claus  and  Dohrn  is  the  fact  that  the  second  pair  of  antennie 
is  innervated  from  a  sub-a^ophageat  ganglion.  A  larval  form  with 
the  above  characters  occurs  with  more  or  less  frequency  in  all  the 
Crustacean  groups.  In  most  instances  it  does  not  exactly  conform 
to  the  above  type,  and  the  divergences  are  more  considerable  in  the 
Fhyllopods  than  in  most  other  groups.  Its  characters  in  each  case 
are  described  in  the  sequel. 

Phyllopoda,  For  the  Fhyllopoda  the  development  of  Apus  can- 
criformis  may  conveniently  be  taken  as  type  (Claus,  No.  454).  The 
embryo  at  the  time  it  leaves  the  egg  (fig-  ^US  A)  is  somewhat  oval  io 
outline,  and  narrowed  posteriorly.  There  is  a  slight  V-shaped  inden- 
tation behind,  at  the  apex  of  which  is  situated  the  anus.  The  body, 
unlike  that  of  the  typioil  Nauplius,  is  already  divided  into  two  regions, 
a  cephalic  and  post-cephalic.  On  the  ventral  side  of  the  cephalic 
region  there  are  present  the  three  normal  pairs  of  appendages. 
Foremost  there  are  tho  smalt  anterior  antennie  (on*),  which  are 
simple  anjointed  rod-like  bodies  with  two  moveable  hairs  at  their 


FlQ.  206.      Two  ■TlOBB  IH   rHB   DBTRMFIlEira  OF  AfDB  ClMOirOMIII. 

(ATtei  Claaa.) 

A.  Haaplina  stage  tX  the  tima  ot  batebiag. 

B.  Stage  afl«r  fint  eedysiB. 

an',  and  an'.  First  and  sccoiid  antcnttn;   md.  mandible;  mx.  maxilla;  I.  1 
fr.  frontal  wn»e  organ;   /.  oandal  tork;   (.  iegment*. 
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extremities.  They  are  inserted  at  the  sides  of  the  large  upper-lip 
or  labrum  (Q.  Behind  these  are  the  posterior  antennae,  which  are 
enormously  developed  and  serve  as  the  most  important  larval  organs 
of  locomotion.  They  are  biramous,  being  formed  of  a  basal  portioD 
with  a  strong  hook-like  bristle  projecting  from  its  inner  side,  an 
inner  unjointed  branch  with  three  bristles,  and  an  outer  large  imper- 
fectly five-jointed  branch  with  five  long  lateral  bristles.  The  hook- 
like organ  attached  to  this  pair  of  appendages  would  seem  to  imply 
that  it  served  in  some  ancestral  form  as  jaws  (Claus).  This  cha- 
racter is  apparently  universal  in  the  embryos  of  true  Phyllopods,  and 
constantly  occurs  in  the  Copepoda,  etc. 

The  third  pair  of  appendages  or  mandibles  {md)  is  attached  close 
below  the  upper  lip.  They  are  as  yet  unprovided  with  cutting  blades, 
and  terminate  in  two  short  branches,  the  inner  with  two  and  the  outer 
with  three  bristles. 

At  the  firont  of  the  head  there  is  the  typical  unpaired  eye.  On 
the  dorsal  surface  there  is  already  present  a  rudiment  of  the  cephalic 
shield,  continuous  anteriorly  with  the  labrum  {J)  or  upper  lip,  the 
extraordinary  size  of  which  is  characteristic  of  the  larvae  of  Phyllopoda. 
The  postcephalic  region,  which  afterwards  becomes  the  thorax  and 
abdomen,  contains  underneath  the  skin  rudiments  of  the  five  anterior 
thoracic  segments  and  their  appendages,  and  presents  in  this  respect 
an  imi)ortant  variation  from  the  typical  Nauplius  form.  After  the 
first  ecdysis  the  larva  (fig.  208  B)  loses  its  oval  form,  mainly  owing  to 
the  elongation  of  the  hinder  j)art  of  the  body  and  the  lateral  exten- 
sion of  the  cephalic  shield,  which  moreover  now  completely  covers  over 
the  head  and  has  beeun  to  grow  backwards  so  as  to  cover  over  the 
thoracic  region.  At  the  second  ecdysis  there  appears  at  its  side  a 
rudimentary  shell  gland.  In  the  cephalic  region  two  small  papillae 
(fr)  are  now  present  at  the  front  of  the  head  close  to  the  unpaired 
eye.  They  are  of  the  nature  of  sense  organs,  and  may  be  called  the 
frontal  sense  papillae.  They  have  been  shewn  by  Claus  to  be  of  some 
phylogenetic  importance.  The  three  pairs  of  Nauplius  appendages 
nave  not  altered  much,  but  a  rudimentary  cutting  blade  has  grown 
out  from  the  basal  joint  of  the  mandible.  A  gland  opening  at  the 
base  of  the  antennae  is  now  present,  which  is  probably  equivalent  to 
the  green  gland  often  present  in  the  Malacostraca.  Behind  the  man- 
dibles a  pair  of  simple  processes  has  appeared,  which  forms  the  rudi- 
ment of  the  first  pair  of  maxillae  {mx). 

In  the  thoracic  region  more  segments  have  been  added  posteriorly, 
and  the  appendages  of  the  three  anterior  segments  are  very  distinctly 
formed.  The  tail  is  distinctly  forked.  The  heart  is  formed  at  the 
second  ecdysis,  and  then  extends  to  the  sixth  thoracic  segment :  the 
posterior  chambers  are  successively  added  from  before  backwards. 

At  the  successive  ecdyses  which  the  larva  undergoes  new  seg- 
ments continue  to  be  formed  at  the  posterior  end  of  the  body,  and 
limbs  arise  on  the  segments  alreadv  formed.  These  limbs  probablv 
represent  the  primitive  form  of  an  important  type  of  Crustacean  ap- 
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pendage,  which  is  of  value  for  interpreting  the  parts  of  the  various 
malacostracan  appendages.  They  consist  (fig.  209)  of  a  basal  portion 
(protopodite  of  Huxley)  bearing  two  rami.  The  basal  portion  has 
two  projections  on  the  inner  side.  To  the  outer  side  of  the  basal 
portion  there  is  attached  a  dorsally  directed  branchial  sack  (hr) 
(epipodite  of  Huxley).  The  outer  ramus  {ex)  (exopodite  of  Huxley) 
is  formed  of  a  single  plate  with  marginal  set*.  The  inner  one  (en) 
(endopodite  of  Huxley)  is  four-jointed,  and 
a  process  similar  to  those  of  the  basal  joint 
is  given  off  from  the  inner  side  of  the  three 
proximal  joints. 

At  the  third  ecdysis  several  new  features 
appear  in  the  cephalic  region,  which  becomes 
more  prominent  in  the  succeeding  stages. 
In  the  first  place  the  paired  eyes  are  formed 
at  each  side  of  and  behind  the  unpaired 
eye,  secondly  the  posterior  pair  of  maxillae 
is  formed  though  it  always  remains  very  Fio.  209.  Typical  Phtl- 
rudimentary.  The  shell  gland  becomes  fully  ^^'cii^'^^*"'  ^^^*^ 
developed  opening  at  the  base  of  the  first  ^^.  exopodite;  en.  endo- 
pair  of  maxillae.  The  dorsal  shield  gradu-  podite;  hr.  branchial  appen 
ally  grows  backwards  till  it  covers  its  full  d*8«.  (epipodite).  The  basal 
complement  of  segments.  SK^lZunoTZ^ 

After  the  fifth  ecdysis  the  Nauplius  ap-     separated  from  the  endopo- 
pondages   undergo  a  rapid  atrophy.     The     ^*®- 
second  pair  of  antennae  especially  becomes 

reduced  in  size,  and  the  mandibular  palp — the  primitive  Nauplius 
portion  of  the  mandible — is  contracted  to  a  mere  rudiment,  which 
eventually  completely  disappears,  while  the  blade  is  correspondingly 
enlarged  and  also  becomes  toothed.  The  adult  condition  is  only 
gradually  attained  after  a  very  large  number  of  successive  changes  of 
skin. 

The  chief  point  of  interest  in  the  above  development  is  the  fact 
of  the  primitive  Nauplius  form  becoming  gradually  converted  without 
any  special  metamorphosis  into  the  adult  condition  \ 

Brancbipus  like  Apus  is  hatched  as  a  somewhat  modified  Nauplius, 
which  however  differs  from  that  of  Apus  in  the  hinder  region  of  the  body 
having  no  iudications  of  segments.  It  goes  through  a  very  similar  meta- 
morphosis, but  is  at  no  period  of  its  metamorphosis  provided  with  a  dorsal 
shield :  the  second  pair  of  antennn  does  n»t  abort,  and  in  the  male  is  pro- 
vided with  clasping  organs,  which  are  perhaps  renmants  of  the  embryonic 
hooks  so  characteristic  of  this  pair  of  antennse. 

The  larva  of  Estheria  when  hatched  has  a  Nauplius  form,  a  laige 
upper  lip,  caudal  fork  and  single  eye.     There  are  two  functional  pairs  of 

>  Nothing  appears  to  be  known  with  reference  to  the  manner  in  which  it  comes 
about  that  more  than  one  appendage  is  borne  on  each  of  the  segments  from,  tiie 
eleventh  to  the  twentieth.  An  investigation  of  this  point  would  be  of  some  interest 
with  reference  to  the  meaning  of  segmentation. 
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swimming  appendages — ^the  second  pair  of  antenDse  and  mandibles.  The 
first  pair  of  aniennee  has  not  been  detected,  and  a  dorsal  mantle  to  form 
the  shell  is  not  developed.  At  the  first  moult  the  anterior  pair  of 
antennae  arises  as  small  stump-like  structures,  and  a  small  dorsal  shield 
is  also  formed.  Rudiments  of  six  or  seven  pairs  of  appendages  sprout 
out  in  the  usual  way,  and  contioue  to  increase  in  number  at  suocei«sive 
moults:  the  shell  b  rapidly  developed.  The  chief  point  of  interest  in 
the  development  of  this  fonn  is  the  close  resemblance  of  the  young  larva 
to  a  typical  adult  Cladocera  (Glaus).  This  is  shewn  in  the  form  of  the 
shell,  which  has  not  reached  its  full  anterior  extension,  the  rudimentary' 
anterior  antennsB,  the  large  locomotor  second  pair  of  anteunte,  which  difler 
however  from  the  corresponding  organs  in  the  Chvdocera  in  the  f>re8ence 
of  typical  larval  hooks.  Even  the  abdomen  resembles  that  of  Daphnia. 
These  features  perha{>s  indicate  that  the  Cladocera  are  to  be  derived 
from  some  Phyllopod  form  like  Estht'ria  by  a  process  of  retrogressive 
metamorphosis.  Tbe  posterior  antennse  in  the  adult  Estheria  are  large 
biramous  appendages,  and  are  used  for  swimming ;  and  though  they 
have  lost  the  embryonic  hook,  they  still  retain  to  a  larger  extent  than 
in  other  Phyllopod  families  their  Nauplius  characteristics. 

The  Nauplius  form  of  the  Phyllopods  is  marked  by  several  dofiuite 
peculiarities.  Its  body  is  distinctly  divided  into  a  cephalic  and  post- 
cephalic  region.  The  upper  lip  is  extraordinarily  large,  relatively 
very  much  more  so  than  at  the  later  stages.  The  first  pair  <>f 
antennaB  is  usually  rudimentary  and  sometimes  even  absent;  while 
the  second  pair  is  exceptionally  large,  and  would  seem  to  be  ciipable 
of  functioning  not  only  as  a  swimming  organ,  but  even  as  a  masti- 
cating organ.     A  dorsal  shield  is  nearly  or  quite  absent. 

Cladocera.  The  probable  derivation  of  the  Cladocera  from  a  form 
similar  to   Estheria   has  already  been   mentioned,   and   it   might   have 

been  antici|)ated  that  the  de- 
velopment would  be  similar 
to  that  of  the  Phyllopods. 
The  development  of  the  ma- 
jority of  the  Cladocera  taken 
place  however  in  the  egg,  and 
the  young  when  hatched 
closelv  resemble  their  {lareiits, 
though  in  the  egg  they  pasH 
through  a  Nauplius  stage 
(Dohrn).  An  exception  to 
the  general  rule  is  however 
offered  by  the  case  of  the 
winter  eggs  of  Leptodora,  one 
of  the  most  primitive  of  the 
Cladoceran  families.  The 
summer  eggs  develop  without 
metanjoq)hosis,  but  Sara  (No. 
461)  has  discovered  that  the 
larva  leaves  the  winter  egg^ 


an' 


Fio.  209  A.  Nauplius  larta  of  Leptodora 
HTALiif A  raox  WINTER  Eoo.  (Copled  from  Bromi ; 
after  Sara.) 

av},  antenna  of  fint  pair;  av?.  antenna  of 
second  pair;    md,  mandible;  /.  caudal  fork. 
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in  the  form  of  a  Na<i|>liiiH  (lig.  209).  This  Nau|jiiiiH  closely  renemUeR  Chat 
of  the  PhfllopodH.  The  body  ia  elongated  and  in  addition  to  normal 
Kanplius  a|>pendageH  U  marke<I  by  six  puirs  of  ridgm — thii  indications 
of  the  future  feet.  Tlie  anterior  aiitenuFe  are  ae  usiiiti  email ;  the  second 
liirgo  and  liiramouii,  but  the  masticatory  bristle  charucteriatio  ef  the 
Phyllopoda  is  not  prewent.  The  mandibles  are  without  a.  cutting  blade. 
A  large  upper  lip  and  un|>aired  eye  aro  present. 

The  adult  form  is  attained  in  the  same  manner  aa  amongst  the  Pbyllo- 
|>ocl8  aft«r  the  third  moult. 

Malacostbaia. 

Owiog  to  the  aize  nnd  importance  uf  the  various  forms  iDcluded  in 
the  UalacoRtvaca,  greater  attention  has  been  paid  to  their  embryology 
than  to  that  of  any  other  division  of  the  Cnistacea  ;  and  the  proper 
interpretation  of  their  larval  forms  involves  some  of  the  most  interest- 
ing problems  in  the  whole  range  of  Embryology. 

The  majority  of  Malacostraca  pass  through  a  more  or  less  compli- 
cated metamorphosis,  though  in  the  Nelialiatlre,  the  C ii mac ea?,  some  of 
the  Schizopoda,  a  few  Decapods,  (Astacus,  Gecarciniis,  eta),  and  in  the 
Ednophthalniata,  the  larva  on  leaving  the  egg  hna  nearly  the  form  of 
the  adult.  In  contradistinction  to  the  lower  groiiiw  of  Crustacea  the 
Naupliiis  form  of  larva  is  rare,  though  it  occurs  in  the  case  of  one  of 
the  Schizopods  (Enphansia,  fig.  212).  in  some  of  the  lower  forms  of 
the  Decapods  (Penasus,  fig,  214),  and  perhaps  also,  though  this  has 
not  been  made  out,  in  some  of  the  Stomatopoda. 

In  the  majority  of  the  Decapoda  the  larva  leaves  the  egg  in  a 
fonn  known  as  the  Zoft:a  (fig.  210).  This  larval  form  is  characterised 
by  the  presence  of  a  large 
cephalo-thoracic  shield  usu- 
ally armed  with  lateral,  an- 
terior, and  dorsal  spines.  The 
caudal  segments  are  well  de- 
veloped, though  without  ap- 
pendages, and  the  tail,  which 
functions  in  swimming,  is 
usually  forked.  The  six  pos- 
terior thoracic  segments  are. 
on  the  other  hand,  rudiment- 
ary or  non-existent.  There 
are  seven  anterior  pairs  of 
appt^ndages  shewn  in  detail  in 
fig.  211,  viz.  the  two  pairs  of 
antennae  (At.  I.  and  At  II.), 
neither  of  them  used  as  swim- 
ming organs, the  mandibles  without  a  palp(mr/),  well-developed  maxillse 
(two  pairs,  ?nj;  1  and  )nj;2),and  two  or  sometimes  (Macrura)  three  pairs 
of  biramous  natatory  maxillipeds  (mxp  1  and  nijjj  2),  Two  lateral 
compound  stalked  eyes  are  present,  together  with  a  median  Nauplius 


210.   ZoxAor  TniiPKLiTi.   (After  Claus.) 
nrp'.  fieonnd  maiillipedp. 
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The  heart  lias  in  the  majority  of  cases  only  one  or  two  (Brachyura) 

■s  of  ostia. 


At.  I.  first  anteniu;  At.U.  iwouDd  uileiiiia:  md.  uiAndiblo  {withont  •  p«lp);  nt.  1. 
Drrt  maxilla;    nu.  8.  neoond  maiilln;    tnj^.  1.  lirtil  mudlliped;    nup.  S.  MOO&d  niMtil 

liped. 

«.  eiopoditi?;    rn.  «n<lDpodite, 

The  Zoiea  larva,  though  typically  developed  m  the  Decapoda,  is 
not  always  present  {e.g.  Aatacus  and  Uo  mar  us),  and  sometimes  occun 
in  a  very  modified  form.  It  makes  its  appearance  in  an  altered  garb 
in  the  ontogeny  of  some  of  the  other  groups. 

The  two  Malocostracan  forms,  amongst  those  so  far  studied, 
which  the  phylogenetic  record  is  most  fully  preserved  in  the  oi 
geny,  are  kuphausia  amongst  the  Schizopods  and  Pemeus  amon^i 
the  Decapods. 

Schizopoda.  Euphausia  leaves  the  egg  (Metschnikoff,  No.  468 — 9)  na  a 
true  NaujiliuB  witli  only  three  pairs  of  iipppmlagps,  the  two  liinder  birainoiu, 
and  an  unsegmented  body.  The  second  |>air  of  autenns  lias  not  howerer 
the  coloaaal  dimensions  so  commou  in  the  lower  types.  A  mouth  is 
but  the  anus  is  unilev«loped. 

After  the  first  moult  thr«e  pairs  of  prominences-^thi 
two  maxilln  and  1st  maxillipeds  arise  behind  the  Nauplii 
(tig.  212).  At  the  tame  time  an  anus  appears  between  the  two 
a  rudimentary  caudal  fork ;  and  an  un|Murod  eye  and  upper  lip  appear  i»l 
front.  Afl«r  another  moult  (tig.  212)  a  lower  lip  is  formed  (UL)  as 
a  jiair  of  prominences  very  similar  to  true  appendages;  and  a  dciicKta 
cephalo-thoraclc  tiliietd  also  becomea  developed.  !Jtill  later  the  cutting  bUds 
of  the  mandible  is  formed,  and  the  palp  (Nauplius  a]ipendage)  is  grcMlf 
reduced.  The  cep halo- thoracic  shield  grows  over  the  fi-ont  part  of  IIm] 
embryo,  and  becomes  characteristically  toothed  at  ita  edge.  There  are  alat 
two  frontal  papilln  very  similar  to  those  already  described  in  the  Phyllopod' 
larvK.  Rudiments  of  t}ie  conijiound  eyes  make  their  ajipcarance,  *' 
Uiough  no  new  appendng<^  nn*  addeil,  those  already  preitent  kmdergo  iu\ 
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(lifierentiatiotie.  They  renuiu  however  very  simple ;  the  niaxillipedH 
especially  are  very  short  and  resemble  somewhat  Phyilopod  ajipendages. 

Up  to  this  stage  the  tail  has  remained  rudimentiuy  and  short,  but 
after  a  furtlier  eodysis  (Claas)  it  grows  greatly  in  length.  At  the  same 
time  the  cephalo-thoracic  shield  acquires  a  short  spine  directed  baclcTardit. 
The  larva  ia  now  in  a  condition  to  which  Claus  has  given  the  name  of 
Frotoaiosa  (fig.  213  A). 

Very  shortly  afterwards  the  region  immediately  following  the  segments 
already  formed  becomes  indistinctly  K^ent«d,  while  the  tail  is  still  with- 
out a  trace  of  segmentation.  The  region  of  the  thorax  proper  soon  be- 
comes distinctly  divided  into  seven  very  short  segments,  while  at  the  same 
time  the  now  elongated  caudal  region  has  baoome  divided  into  its  normal 
number  of  s^ments  (fig.  213  B).  By  this  stage  the  larva  has  become 
a  true  Zoea — though'  differing  from  the  normal  Zoea  in  the  fact  that 
the  thoracic  region  is  aegmented,  and  in  the  absence  of  a  second  pair  of 
maxillipeda. 


Fio.  313.    NiuFLiiTB  or  EuPBiiTBU.     (From  Claua;  after  Hetachnikofl.) 
The  MaapliiiB  is  teprewnted  ihortl;  before  an  eodyaJB,  and  in  addition  to  the  proper 

appendagee  mdimentB  at  the  threo  toUowing  pain  are  present. 

OL.   upper  lip;    VL.   lower  lip;    ild.   mandible;    Mx'.  and  X^.   two  pairs  of 

maiillffii    m/'.  maxilUped  I. 


SGHIZOPODA. 


The  adult  diamctera  are  very  gm.lually  ftcquircil  in  a  serim  of  ■ 
naive  moiilw ;  tlif  later  ilevclopiDent  of  Eiiphaueia  rmembling   in    lliia  ] 


Fui.  213.     Lauvs  iiK  EornAi-BiA.    (AttcrClans,)    From  the  stdu. 

A,    Protozonia  larro.  L,    Zo»a  Ihtvb. 

nijr'.  Biiil  niic".  moiillip  I  and  3;    aup'.  mmillipixl  1. 

reagiect  that  of  the  niyl]o[>ods.     Oti  ibe  other  liaiid  Eu)>hausia  diflem  froa  I 
that  group  in  Uic  fact  Uiut  the  abdomiua]  (caudal)  and  tboratno  appeodagw   ' 
develop  as  Iwi)  indepeiuUnt  seriet  from   before   backwards,   of  which  the 
alxlominal  series  is  the  eurlirst  to  attain  maturity. 

This  is  shewn  in  the  following  table  cominled  from  Clans'  obMnmUJaaa. 
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ruQiai'kitble  that  tiie  i;|>i|>iHUte  ia  UbvelopMl  ou  hII  the  H|>]ieiitl>igt^H  autenorly 
in  puiut  of  time  to  the  outer  rarauB  (exojKMlite), 

Although  in  Mjsjh  tht^re  is  no  ritie  lai-val  ntngo,  an<I  the  devdopiueiit 
takes  [j|«ce  in  a  materni)!  inculaitorj  poiich,  yet  a  ntage  may  be  detectutl 
which  clearly  corre8i>Dnda  with  the  Naupliiis  K\a.gfi  of  Eujihuuaia  (E.  van 
Bcueden,  No.  465).  At  W\\&  xtitge,  in  which  only  the  three  Nuug'liuB 
appendugsB  ai-e  developed,  the  Myaia  embryo  is  hatched.  An  eolyaiii 
takeH  place,  but  the  Naupliua  akJQ  ia  not  uonipletelj  thrown  off,  and 
remRJus  tis  nn  envelope  surrouuding  tho  lai'VA  duiiug  its  later  develoj)- 


Decapoda.  Aniungst  the  Dccapuda  the  larva  usually  leaves  the 
egg  In  tiit^  Zosea  form,  but  a  remarkable  exception  to  this  generul 
rule  is  atforded  by  the  case  of  one  or  aiore  species  of  Pena;u8.  Fritz 
MUller  was  the  tirst  to  shew  that  the  larva  of  these  forms  leaves  the 
egg  as  a  typical  Naiiplius,  aud  it  ia  probable  that  ia  the  succes- 
sive larval  stages  of  these  forms  the  ancestral  history  of  the  Deca- 
poda is  most  fully  preserved'. 

The  youngest  known  larvaof  Penff;us(fig.  214)  has  a  somewhat  oval 
UDsegmentod  body.  There  spring  from  it  the  three  typical  pairs  of 
Nauplius  appendages.  The  first  is  uniramous,  the  second  and  third 
are  biramous,  and  both  of  them  adapted  for  swimming,  aud  the  third 
of  them  (mandibles)  is  withouta  trace  of  the  future  blade.  The  bixly 
has  no  carapace,  and  bears  auteriorly  a  single  meilian  simple  eye. 
Posteriorly  it  is  produced  into  two  bristles. 

After  the  first 
moult  the  larva  ha^  a 
rudiment  of  a  forked 
tail,  while  a  dorsal 
fold  of  skin  indicates 
the  commencement  of 
the  cep  halo-thoracic 
shield.  A  lai^e  pro- 
visional helmet-shap- 
ed upper  lip  like  that 
tu  Pnyllopodn  has  also 
appeared.  Behind  the 
appendages  already 
formed  there  are 
stump- like  rudiments 
of  the  four  succeeding 
pairs  (two  pairs  of 
masillie  and  two  pairs 
of  maxillipeds) ;  and 
in  a  slightly  older  larva 
the  formation  of  the 
mandibular  blade  has 
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■nceJ,  together  with  j 
tlic  atrophy  of  the  palp  or  ] 
Ntiiiplius  appendage. 

Between    this    and     tb«  ' 
next  observed  stage  ihere  U 
])ossibly  a  slight  Ucuna.  The 
next  stage  (Hg.  215}   at  my 
rate    represents     the     com- 
inoncement     of     the     Zmm 
series.    The  cephalo-thorMac 
shield    has    greatly    grown, 
and  ovcntuFilly  acxjuires  ttie 
usual  dorsal  spine.    The  poB- 
t^rior  region  of  tlie  body  ia 
prolonged  into  a  tail,  wtirh 
is  quite  OS  long  as  the  whole 
of  the  remainder  of  the  btwly. 
The  four  append^ea  whirl) 
were  quite  fiinctionleas at  the 
last  stage  have  now  sproutei] 
into  full  activity.   Tlie  region 
immediately  behind  them  is 
divide^l    (fig.  215)    into   stx 
segments   (the   six   thoracic 
segments)   without  append- 
ages, while  somewhat  later 
the  five  anterior  abdotnt&al  | 
segments  become  indicated,  but  are  equally  with  the  thoracic  seg- 
ments  without   feet.      The  mode  of  appearance  of  these  sejnnentA  ] 
ithews  that  the  thoracic  and  abdominal  segments  develop  in  rej^lar  I 
Kuccession   from  bijfore   backwards   (Claus).      Of   the   palp   of   the  I 
mandibles,  as  ie  usual  amongst  Zoa»  fonos,  not  a   trace    rvmaJni^  ] 
though  in  the  youngest  Zoiea  caught  by  Friiz  MUller  a  very  amall  ] 
rudiment  of  the  palp  was  present.     The  first  pair  of  antenuie  is  on-  1 
uttually  long,  and  the  second  pair  continues  to  function  as  a  fainunouB  1 
swimming  organ  ;    the  outer  ramus  is   multiarticulate.     The    other  1 
appendages  are  fully  jointed,  and  the  two  maxillipeds  biramous.     Oa  ■' 
the  dorsal  surface  of  the  body  the  unpaired  eye  is  still  present. but  o_  . 
each  side  of  it  traces  of  the  stalked  eyes  have  appeared.     Frontal  J 
sense  organs  like  those  of  Phyllopods  are  also  present. 

From  the  Protozon-a  form  the  larva  passes  into  that  of  a  true  ZoM^I 
with  the  usual  appendi^ree  and  spines,  characterised  howevor  bft 
certain  remarkable  peculiarities.  Of  these  the  most  important  ftr«l 
(I)  the  laige  size  of  the  two  pairs  of  antennae  and  the  reteritioti  of  its! 
Nauplius  function  by  the  second  of  them ;  (2)  the  fact  that  tba  I 
appendages  of  the  six  thoracic  segments  appear  as  «mall  biramottiB 
Scnizopod  legs,  while  the  abdominal  appendages,  with  the  excepticnl 
'  '       ixth,  are  still  without  their  swimming  feet.    The  earlj  app«ar-l 
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ance  of  the  appeudages  of  the  sixth  abtloiniual  segment  in  probably 
correlated  with  tlieir  natatory  function  in  connection  with  the  tail. 
As  a  point  of  Boialler  importance  which  may  be  mentioned  is  the  fact 
that  both  pairs  of  maxillie  are  provided  with  small  respiratory  plates 
(exopodites)  for  regulating  the  How  of  water  under  the  dorsal  shield. 
From  the  Zoxa  form  the  larva  passes  into  a  Myuis  or  Schizopod  stage 
(fig.  216),  characterised  by  the  thoracic  feet  and  maxillipeds  resembling 
in  form  and  functioa  the  biraniousfeetofMysis,  the  outer  ramus  being 
at  first  ill  many  cases  mucti  larger  than  the  inner.  The  gill  pouches 
appear  at  the  base  of  these  feet  nearly  at  the  same  time  as  the  endo- 
podites  become  functional.  At  the  same  time  the  antenna:  become 
profoundly  modified.  The  anterior  antenna:  shed  their  long  hairs,  and 
from  the  inner  side  of  the  fourth  joint  there  springs  a  new  process, 
which  eventually  elongates  and  becomes  the  inner  flagellum.  The 
outer  ramus  of  the  posterior  antenna:  is  reduced  to  a  scale,  while  the 
fiagellura  is  developed  from  a  stump-like  rudiment  of  the  inner  ramus 
(Claus).  A  palp  sprouts  on  the  mandible  and  the  median  eye  dis- 
appears. 

The  abdominal  feet  do  not  appear  till  the  commencement  of  the 
Mysis  stage,  aud  hardly  become  liinctional  till  its  close. 

From  the  Mysis  stage  the  larva  passes  quite  simply  into  the  adult 
form.  The  outer  ramus  of  the  thoracic  feet  is  more  or  less  completely 
lost.   The  raasillipeds,  or  the  two  anterior  pairs  at  any  rate,  lose  their 
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ambulatory  function  cutting  plat«8  develop  on  the  inner  side  of  their 
basal  joints,  and  the  two  rami  persist  as  small  appendages  on  tbeir 
outer  side.     Gill  pouches  also  sprout  from  their  outer  side. 

The  respiratory  plate  of  the  second  maxilla  attains  ita  full  develop- 
ment and  that  on  the  first  maxilla  disappears'.  The  Nauplius,  so  lar 
as  is  known,  does  not  occur  in  any  other  Decaiiod  form  except 
Penseus. 

'  From  CInus'  ohservationB  (No.  41S)  it  would  appear  Ihiit  llie  renpirfttotj  plate  ia 
nnl.v  the  eiopodite  and  not.  as  ia  osuolty  statnl,  the  cualeMred  eiopodite  SDd  epipodite. 
Hii'iley  in  hia  Cumyamtive  Analomt/  retwrveii  this  puiat  for  embryolugical  elncidatiuu. 


DECAl'UDA. 


K  iiest  most  |inuutive 
hirval  liisUiry  known  ia  Uiat 
which  ujipears  in  the  Ser- 
gostids.  The  larral  hislon', 
which  has  beiin  fully  rluci' 
dat«(t  by  OI&uh,  oommeiuie* 
with  a  Protososa  form  (fig. 
2IT),  which  develo|H  into  « 
rciimrk&lile  Z->«a  tint  de- 
Hcrtbed  by  Dohm  as  Kt»- 
lih'icam.  Tliis  dovelopa  into 
11  form  ori^nally  described 
Itv  Claua  as  AcanthoAonia, 
and  thix  into  a.  forni  knoiru 
lis  Mnitiigapus  (fig.  21^) 
I'roni  which  it  is  easy  Ui 
|>as3  to  the  >u)ult. 

The  remark  a  Lie  Pnrto- 
■iOKA  (6g.  217)  is  charuv 
teriaed  by  the  [trcseoce  on 
the  dorsal  sliield  of  s  froDtal, 
dorsal  and  two  lateral  spike*, 
each  richly  armed  with  long 
Hide  spinet).  The  norm^ 
Zo»a  a|)peudages  ar^-  pr^ 
sent,  anil  in  udditioo  m  them 
a  small  t)iird  ]Miir  of  tnaz- 
illipeds.  The  thoracic  region  ia  divided  into  five  short  rings,  but  tJi« 
abdonien  u  UDBOgoiented.  The  tail  is  forked  and  provided  witlt  lung 
spines.  The  antennte,  like  those  of  Penteus,  are  loDg^tlie  soooud  fNur 
birainous ;  the  mandibles  un}wlpod.  Itoth  [lairs  of  maxillte  are  provided 
with  respimtory  plates ;  the  second  pair  is  footlike,  and  has  at  its  b«ao  a 
glandular  mass  believed  by  Claus  tc  be  the  ei^iiivaleiit  of  the  Gutumoetnicsn 
sbell-glaiid.  The  maxillipeds  have  the  uatiat  birunious  ohamctera.  A 
helniet^ht^ied  npper  liji  like  that  of  a  typical  Nauplius  is  present,  and  titr 
eyes  ai-e  itituated  on  vciy  long  dlalks. 

In  thn  true  Zotea  stage  there  aptvear  on  the  five  thoracic  e^menu 
poiich'like  biromous  rudiments  of  the  limbs.  The  tail  becomes  segmented ; 
but  the  HeginentK,  with  the  exception  of  the  Htxth,  remain  witfaoot 
ap[>endiiges.  On  the  sixth  a  very  long  bilobed  pouch  apprars  as  tbe 
comroenc<-infnt  of  the  swimming  feet  of  this  segment.  The  segments  of 
the  abdomen  arc  armed  with  lateral  spiues. 

From  tbe  Zotea  stage  the  lurva  passes  into  the  fonn  known  as  Acatu- 
thoHomu,  which  represents  the  Mysis  stsge  of  Penieus.  The  complex  spikes 
on  the  dorsal  shield  of  the  Zoaea  stage  are  reduced  to  simple  spines,  but 
tlie  spines  of  the  tail  still  retain  their  full  hize.  In  the  appendages  tbe 
chief  changes  consist  (I)  in  the  reduction  of  the  jointed  out«r  ramus  of  the 
second  pair  of  anteniiu'  to  a  Rtiimp  repn-senting  the  scale,  and  the  elon- 
gation of  llie  inner  one  to  the  llagelluui  ;  ('2)  in  the  elongation  of  the  fiv« 
Hmhulatory  thoracic  appendages  into  biramous  feet,  like  the  maxillipeds, 
iind  in  the  sprouting  foilh  of  nidimentury  abdominal  feet. 


.  217.  LtTssT  Fhotoziiaa  sTkOK  or 
I.1BVA  (ELiraoCAku).  (Arter  Claus.) 
mxp".  third  pair  at  atuillipeds. 
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Skbokbteb.    (From  cluua.) 

Mf'.  mBiillipeda. 

The  most  obviouB  external 

indications  of  thii  pasaage  from 

the  AcunthoHoina  lo  the  Mas- 

tigopus  stage  (fig.  218)  are  to 

be  found  in  the  fflongation  of 

the  atidomen,  the  reduction 

and  flattening  of  the  cei>h»lo- thoracic  ahield,  and  the 

nearly  complete  obliteration  of  all  the  epines  but  the 

anterior.     The  ejea  on  their  elongated  stalks  are  still 

very  characteristic,  and  the  elongation  of  the  flagellum 

of  the  second  pair  of  anteunte  itt  very  sti-iking. 

The  uiHxillfe  and  maxillipede  undergo  consider- 
able metuniorphosis,  the  abdominal  feet  attain  theii* 
adult  form,  and  the  three  ant^iior  thoracic  ambu- 
latory legs  loee  their  outer  rami.  The  most  re- 
markable change  of  all  concerns  the  two  last  pairs 
of  thoracic  ap[)endagea,  which,  instead  of  being  me- 
tamorphosed like  the  preceding  ones,  are  completely  or  nearly  com- 
pletely thrown  off  in  the  moult  which  inaugurates  the  MastigopUB 
stage,  and  are  subsequently  redeveloped.  With  Uie  reappearance  of  these 
appendages,  and  the  changes  in  the  other  appendages  already  indicated,  the 
adult  form  is  practically  attained. 

With   refereucc   to   tho    development   of   the   majority   of   the 
CurabidiK,   PcDa'inte,   PaLumoiiina!,  Crangoninu,  it   may  be  stated 


.    (FromClauH.) 
r".  lumillK   1  anil  i 
'.  maxiUip«dit. 


generally  that  they  leave  the  egg  io 
the  Zoaa  stage  (fig.  219)  with  an- 
terior appendages  up  to  the  third 
pair  (if  maxillipeds.  The  thomx  is 
unsegmentcd  and  indeed  almost  un- 
represented, but  the  abdomen  is  long 
and  divided  into  distinct  segmenta. 
Buth  thoracic  and  abdominal  api>en- 
dages  are  al>8ent,  and  the  tail  is 
formed  by  a  simple  plate  with  nu- 
merous bristles,  not  forked,  as  in  the 
case  of  the  Zoica  of  Fritz  Mailer's 
Fensus  and  Sergentes.  A  doreal 
spine  is  frequently  found  on  the 
second  abdominal  segment.  From 
the  ZoiHa  form  the  embiyo  pa»:es 
into  a  Mysis  stj^e  (fig.  HO),  duHog 
which  the  thnracic  appendages  gn- 
<lually  appear  as  biramous  swim- 
ming feet;  they  ore  all  develuped 
l)efoni  any  uf  the  abdominal  ap- 
pendages, except  the  last  Id  some 
coses  the  development  is  still  further 
abbreviiitcd.  Thus  the  larvee  of 
Crangon  and  Paliumonetes  (Faxon, 
No.  476)  possess  at  hatching  the 
rudiments  of  tho  two  anterior  pairs 
of  thoracic  foot,  and  Palu;mon  of 
three  pairs'. 


'   Kritz  Millk-r  ll. 
i>bl>rL-vi«ti)i)  •li'velo)iii 
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Amongst  the  other  Mucrnra  the  larva  generally  leaves  the  egg  as 
a  Zoiea  similar  to  that  of  the  prawns.  In  the  case  of  the  Thalassinidee 
and  Pagurido!  a  Mysis  stage  has  disappeared.  The  most  remarkable 
abbreviations  of  the  typical  development  are  presented  on  the  one 
hand  by  Homarns  and  Aatacus,  and  on  the  other  by  the  Loricato. 

The  ilevelopnient  of  Homarus  has  been  fully  worked  out  by  S.  J.  Smith 
(No.  491)  for  llie  American  lobster  (HomanisameiicaniiB),  The  larva  (fig. 
231)  leaves  the  egg  in  an  advanced  Mysis  stage.  The  cephalo-thoracic  shield 
is  fidly  develop«l,  and  armed  with  a  rostrum  in  front.  The  first  pair  of 
BDteiiuffi  is  unjointed  but  the  second  is  fairamoiis,  the  outer  ramus  forming 
a  large  Mysis-like  scale.  The  mandibles,  which  are  palped,  the  msxillie, 
and  tiie  two  anterior  maxJUipeds  differ  oidy  in  minor  details  from  the  same 
appendages  of  the  adidt.  The  third  pair  of  maxiliipeds  is  Mysis-like  and 
biramoua,  and  the  five  ambulatory  legs  closely  resemble  them,  the  eudopo- 
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(After  Smith.) 

dite  of  the  first  tietng  imperfectly  chelate.  The  abdomen  is  well  deTelo]>cd 
but  without  appendages.  The  second,  third,  fourth  and  fifth  segments  are 
armed  with  dorMd  Euid  lateral  spines. 

In  the  next  stage  swimming  feet  have  appeared  on  the  second,  thini, 
fourth  and  fifth  abdominal  segments,  and  the  appendages  already  present 
have  appi-oocheil  their  adult  form.  Still  later,  when  t'he  larva  is  about 
half  an  inch  in  length,  the  approach  to  the  adult  form  is  more  marked, 
and  the  exopodites  of  the  ambulatory  legs  though  present  are  relatively 
much  reduced  in  size.  The  swimmerets  of  the  sixth  aMominal  segment 
are  formed.  In  the  next  sbige  observed  the  larva  has  entirely  lost  its 
Behizopod  characters,  and  though  still  retaining  its  free  swimming  liabita 
differs  from  the  adidt  form  only  in  generic  characters. 

As  has  been  already  stated,  no  free  larval  stogAS  occur  in  the  deve- 
lopment of  Astuciis,  but  the  young  is  hatched  in  a  tbrm  in  which  it  difiera 
>nly  in  unim|>ortant  details  from  the  adult. 
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The  peculiar  larval  form  of  the  Loricata  (Scy llama,  Palinurua)  has  long 
been  known  under  the  name  Phyllosoma  (fig.  222  C),  but  its  true  nature  van 
fimt  bhewn  by  Couch  (No.  474)  [Couch  did  not  however  recogniae  the  identic j 
of  his  hirvu  with  Phyllosoma ;  this  was  first  done  by  Gerstacker]  and  ahortly 
afterwanls  by  Gerbe  and  Coste.  These  olyservations  were  however  for  a 
longtime  not  generally  accepted,  till  Dohm  (No.  477)  published  hia  Taluable 
memoir  giving  an  account  of  how  he  succeedcsd  in  actually  rearing  Phyllo- 
soma from  the  eggs  of  Scyllarus  and  Palinurua,  and  shewing  that  some  of 
the  most  remarkable  featu]*e8  of  the  metamorphosis  of  the  Loricata  occur 
before  the  larva  is  hatched. 

The  embryo  of  Scyllarus  in  the  egg  first  of  all  imaaes  through  the 
usual  Nauplius  stage,  and  then  after  the  formation  of  a  cuticle  develops  an 
elougated  thoracico-abdominal  region  bent  completely  over  the  anterior 
jNirt  of  the  body.  There  ap|)ear  moreover  a  number  of  api>endages  and 
the  rudiments  of  various  organs;  and  the  embryo  passes  into  a  funn 
which  may  be  duHcribed  as  the  embryonic  Phyllosoma  stage.  In  this  stage 
thc*re  ai*e  present  on  the  anterior  |)art  of  the  body,  in  front  of  the  ventral 
flexure,  two  jMiirs  of  antennae,  mandibles,  two  ]iairs  of  maxilUe,  the  aeooml 
commencing  to  be  biramous,  mul  a  snuUl  stump  rej/reseiitifig  ihejirgt  ptiir  of 
fiuLeiliipetis,  The  part  of  the  body  bent  over  consists  of  a  small  quadrate 
caudal  plat(%  and  an  ap])endage-lx^ring  region  to  which  are  attached  an- 
teriorly three  ]»airs  of  biramous  api^endages — the  second  and  third  maxilli- 
jkmIs,  and  the  anterior  ]>air  of  ambulatory  legs — and  two  |»airs  of  uudi\-ided 
ap]>«'ii(lag(i8 — the  second  and  thinl  jKiirs  of  ambulatory  legs.  In  a  alightlv 
later  bt.ige  the  first  ]>air  of  maxillie  becomes  biramous,  as  also  does  the  first 
|mir  of  luaxillipeds  in  a  very  rudiuieutary  fashion.  Tlic  second  and  third 
]NiLrs  of  anibuhitory  legs  become  1>iramouH,  while  the  second  and  third  uiax- 
illi]>o<l  nearly  completely  lase  their  outer  ramus.  Very  small  rudinienta  of 
the  two  hinder  ambulatory  legs  become  form(>d.  If  the  embryo  is  taken  at 
this  Ht4i^t»  {rulf  fig.  222  A,  which  represents  a  nearly  similar  larva  of  Pali- 
nuruK)  out  of  the  (*^g,  it  is  seen  to  consist  of  (1)  an  anterior  enlargement  wiih 
a  vault(><l  dorsal  shield  enclosing  the  yolk,  two  stalked  eyes,  and  a  intxliau 
v.yv ;  ('2)  a  thoracic  region  in  which  the  indications  of  s(>gmentation  an- 
visible  with  the  two  |M)8teiior  |>airs  of  maxini|>ed8  (iiurp*  and  nurj**)  and 
the  ambulatory  h-gs  (y/) ;  ('?)  an  alMlominal  ix'gion  distinctly  divided  into 
segni«'nts  anil  en<ling  in  a  fork. 

13«'fnre  tiie  embryo  becomes  hatched  the  first  pnlr  of  maxlUlpttU  iMComrs 
retlwxtl  in  she  dud  Jinafft/  vauis/ies.  The  second  pair  of  maxillae  lK>cume8 
reduced  to  simple  stumps  with  a  f«;w  bristles,  the  S(KK)nd  jniir  of  antouuw 
also  appeal's  to  uixlergo  a  n?tr<»;jje8sive  chan<;e,  wliile  the  two  last  thoracic 
s<*gments  cease  to  Ih;  <liMtingiiiHliable.  It  thus  appeiirs  that  during  em- 
bryonie  lite  the  s<iM)n<l  pair  of  anttMina',  the  swond  jwiir  of  maxilla%  and 
the  Mi'ond  an<l  third  jtair  of  maxillijieds  an<l  the  two  hinder  ambidatorv 
ap]VU4lagert  und(*r^o  ivtn>gressLve  changes,  while  tht»  fii-st  pair  of  maxillijHds 
is  completely  ubliterat«'<l ! 

The  general  form  of  tlie  larva  when  hatched  (titr.  222  B)  is  not  %-ery 
different  from  that  wh^ch  it  has  during  the  later  stages  within  the  egg. 
The  Uxly  is  divided  into  three  ix'gions :  (1)  an  anterior  cephalic;  (2)  a 
middle  thoraeie,  and  (.'))  a  small  posterior  abihmiinal  {Ktrtion;  and  all  of 
them  are  eharacteris<*d  by  their  exti-eme  doi-so- ventral  compression,  so  that 
the  wlioh*  animal  has  the  form  of  a  thn^e-lolx'd  distr,  the  strange  apiiear^ 
ance  of  which  !•♦  much  inen^awd  by  its  glass-like  transparency. 
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Tlie  M|iliftlic  porlinii  is  oval  and  projects  slightly   behind   so   as    to 
.■i>i'tjip  the  thorax.     \Xn  iipjxir  surface  constitutes  the  dorsal  Hlii«ld,  from 
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A.  Embryo  of  Piilinuma  shortly  before  hatching. 

B.  YotiDg  PhylloBoma  larva  of  Hc;llani!>.  witbaat  the  flrat  ma^iiUiped,  the  two  lant 
Iharaoia  ajipendages,  or  tho  abdominaJ  appenilageg. 

C.  Fally-grown  PhjUoaoma  «itli  all  the  Decapod  appendagcB. 

aO.  antenna  d[  firitt  pair;  at',  antenna  of  Becand  pair;  md.  mandible;  nu'.  first 
maxilla;  mx',  Mcond  maiilla;  mxp'- — nu/;*.  maiiUipedH;  p' — p*.  thoracic  appendaRep. 

which  there  spring  anteriorly  tlie  two  compound  eyea  on  long  stalks,  be- 
twwu  which  is  a.  median  Nauplius  eye.  The  mouth  is  sittiate^l  about 
the  middle  of  the  under  surface  of  the  anterior  disc.  It  leads  into  & 
Btomaoh  from  which  au  anterior  and  &  lateral  hepatic  liiverticulum  springs 
out  on  each  side.  The  former  remains  as  a  simple  diverticulum  through 
larval  life,  but  the  latter  becomes  an  estremely  complicated  glandular 
stnicture. 

At  the  front  boi'der  of  the  diso  is  placed  the  unjoiiited  but  elongated 
first  pair  of  antenme  {at').  Externally  to  and  behind  these  there  sjiring 
the  short  jiosterior  antennie  {at').  At  the  base  of  which  the  green  gland 
is  already  formed.  Surrounding  the  mouth  are  the  mandibles  [nul)  and 
anterior  pair  of  maxillie  {mx'),  and  some  distance  behind  the  second  pair 
of  maxilla:  (nu^),  consisting  of  a  cylindrical  basal  joint  and  short  terminal 
joint  armed  with  bristles.     The  firat  [tair  of  maxillipeds  is  absent. 

The  thoracic  region  is  formed  of  an  oval  segmented  disc  attached  to 
the  under  surface  of  the  cephalic  disc.  From  its  front  segment  nrises  the 
second  pair  of  maxillipeds  {tmrji')  as  single  five-jointed  appendages,  and 
from  the  next  segment  springs  the  five-joint«d  elongated  but  uuiramous 
third  pair  of  maxillipeds  {nurp'),  and  behind  this  there  arise  three  pairs  of 
six-jointed  ambulatory  appendages  (p',  p',  p',  of  which  only  the  basal  joint 
is  represented  in  the  figure)  with  an  exo{)oditc  springing  from  their  second 
joint,  The  two  posterior  thoracic  rings  and  their  appendngea  cannot  be 
mftd«  out 
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The  abdomen  is  reduced  to  a  short  imperfectly  segmented  8ttiin|i, 
ending  in  a  fork,  between  the  prongs  of  which  the  anus  opens.  Elven  the 
youngest  larval  Phyllosoma,  such  as  has  just  been  described,  cannot  be 
compared  with  a  Zotea,  but  belongs  rather,  in  the  possession  of  biramoui 
thoracic  feet,  to  a  Mysis  stage.  In  the  forked  tail  and  Nauplius  eye 
there  appear  however  to  be  oei*tain  very  primitive  characters  earned  on  to 
this  stage. 

The  passage  of  this  young  larva  to  the  fully  formed  Phylloooma  (fig. 
222  C)  is  very  simple.  It  consists  essentially  in  the  fresh  development  of  the 
fii'st  pair  of  maxillipeds  and  the  two  last  ambulatory  appendages,  the  growth 
and  segmentation  of  the  abdomen,  and  the  sprouting  on  it  of  birmmoiu 
swimming  feet.  In  the  course  of  these  changes  the  larva  becomes  a  tme 
Decapod  in  the  arrangement  and  number  of  its  appendages ;  and  indeed  it 
was  united  with  this  group  before  its  larval  character  was  nuide  oatw  In 
addition  to  the  appearance  of  new  appendages  certain  changes  take  place  io 
those  already  present.  The  two  posterior  maxillipeds,  in  the  Pialinnms 
Phyllosoma  at  any  rate,  acquire  again  an  exopodite,  and  together  with  the 
biramous  ambulatory  feet  develop  epipodites  in  the  form  of  gill  pouches. 

The  mode  of  passage  of  the  Phyllosoma  to  the  adult  is  not  known,  bat 
it  can  easily  be  seen  from  the  oldest  Phyllonoma  forms  that  the  dorsal 
cephalic  plate  grows  over  the  thorax,  and  gives  rise  to  the  cephalo-thoracic 
shield  of  the  adult 

There  are  slight  structural  diffoi^ences,  especially  in  the  antennie,  between 
the  Phyllosoma  of  Scyllarus  and  that  of  Paliiiui-us,  but  the  chief  dilference 
in  development  is  that  the  first  pair  of  maxillipeds  of  the  Palinums  eukhrjo^ 
though  reduced  in  the  embryonic  state,  does  not  completely  vanish,  at  any 
rate  till  after  the  free  larval  state  has  commenced;  and  it  is  doubtful  if 
it  does  so  even  then.  The  freshly  hatched  Palinums  Phylloeoma  is  Yerj 
considerably  more  developed  tliau  that  of  Scyllarus. 

Bracliyura,  All  the  Brachyura,  with  the  exception  of  one  or  more 
species  of  land  crabs*,  leave  the  egg  in  the  Zoaea  condition,  and  though 
there  are  slight  variations  of  stnicture,  yet  on  the  whole  the  Crab  Zosea 
is  a  very  well  marked  form.  Immediately  after  leaving  the  egg  (fig. 
210)  it  has  a  somewhat  oval  shajK)  with  a  long  distinctly-segmented 
abdomen  bent  underneath  the  thorax.  The  cephalo-thoracic  shield 
covers  over  the  front  part  of  the  body,  and  is  prolonged  into  a  long 
frontal  spine  pointing  forwards,  and  springing  from  the  region  be- 
tween the  two  eyes ;  a  long  dorsal  spine  ])ointing  backwards ;  and 
two  Lateral  spines. 

To  the  under  surface  of  the  Ixxly  are  attached  the  anterior  appen- 
dages up  to  the  second  maxilliped,  while  the  six  following  pairs  of 
thoracic  appendages  are  either  absent  or  represented  only  in  a  very 
rudimentary  form.     The  abdomen  is  without  appendages. 

The  anterior  antenna^  are  single  and  unjointed,  but  provided 
at  their  extremity  with  a  few  olfactory  hairs  ((mly  two  in  Carcinus 
Mcenas)  and  one  or  two  bristles.     The  rudiment  of  the  secondary 

*  It  han  )KH.>n  clearly  dcmon8trato<l  that  the  majority  of  land-crabs  leaTc  the  en^  in 
the  Z(>H>a  form. 
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fiagetlum  appears  in  very  young  Zoreieon  theinDernideof  theantennules 
(fig.  223  At.  I.).     The  posterior  antenuiL-  are  without  the  fiagellum, 


Fiu.  223.      The  am.. 
At.I.  firHt  antenna:  -i'-  H.  nmrnai  u 
first  moiillB;   nu.  2.  seconil  m&uUa ;    « 
iHxp,  2.  Bocond  niBiiiliped. 

rx,  dopodito ;    en.  enJopiwiite. 

but  are  provided  with  a  scale  representing  the  exopodite  (fig.  223 
At  II.  ex)  and  usually  a  spinous  process.  The  flf4;etluni  is  very  early 
developed  and  is  re  presented  in  fig.223,jl(.  7/.  ch.  The  mandibles  (wu^ 
are  largo  but  without  a  palp.  The  anterior  maxilla;  {mx  1)  have  a 
short  two-jointed  endopodite  (palp)  with  a  few  hairs,  and   a  basal 


400  DEC  APOD  A. 

portion  with  two  blades,  of  which  the  distal  is  the  largest,  both  anneal 
with  stiff  bristles.  The  posterior  maxillsB  have  a  small  respiratory 
plate  (exopodite),  an  endopodite  (palp)  shaped  like  a  double  blade, 
and  two  basal  joints  each  continued  into  a  double  blade.  The 
two  maxillipeds  (mxp\  and  rtixp^)  have  the  form  and  function  of 
biramous  swimming  feet.  The  exopodite  of  both  is  two-jointed  and 
bears  long  bristles  at  its  extremity ;  the  endopodite  of  the  anterior  is 
Bve-jointed  and  long,  that  of  the  second  is  three-jointed  and  com- 
paratively short. 

In  the  six-jointed  tail  the  second  segment  has  usually  two  dorsally 
directed  spines,  and  the  three  succeeding  segments  each  of  them  two 
posteriorly  directed.  The  telson  or  swimming  plate  is  not  at  first 
separated  from  the  sixth  segment ;  on  each  side  it  is  prolonged  into 
two  well-marked  prongs;  and  to  each  prong  three  bristles  are  usually 
attached  (fig.  224).  The  heart  (fig.  224  ht)  lies  under  the  dorsal  Kpine 
and  is  prolonged  into  an  anterior,  posterior,  and  dorsal  aorta.  It  has 
only  two  pairs  of  venous  ostia. 

During  the  Zosea  stage  the  larva  nipidly  grows  in  size,  and 
undergoes  considerable  changes  in  its  appendages  which  reach  the 
full  Decapoil  number  (fig.  224).  On  both  pairs  of  antennse  a  flagel- 
lum  becomes  developed  and  grows  considerably  in  length.  Before 
the  close  of  the  Zoa^a  condition  a  small  and  unjointeil  palp  appeani 
on  the  mandible.  Behind  the  second  raaxilliped  the  third  maxillipe<l 
(wkT/)')  early  appears  as  a  small  biramous  appendage,  and  the  five 
ambulatory  feet  become  distinctly  formed  as  uniramous  appendages 
— the  exopoditos  not  being  present.  The  third  pair  of  maxillipeds 
and  throe  following  ambulatory  appendages  develop  gill  pi->uches. 
The  alnlominal  feet  are  formed  on  the  second  to  the  sixth  segments 
of  the  tail  as  simple  pouches. 

The  oldest  Zoica  is  transmuted  at  its  moult  into  a  fonn  known  as 
Mcgalopa,  which  is  really  almost  identical  with  an  anomurous 
Decapod.  No  Schizopod  stage  is  intercalateil,  which  shews  that  the 
development  is  in  many  respects  greatly  abbreviated.  The  essential 
chanicters  of  the  Megalopa  are  to  be  found  in  (1)  the  reduction  of 
the  two  anterior  maxillipeds,  which  cease  to  function  as  swimming  feet, 
and  together  with  the  appendages  in  front  of  them  assume  the  adult 
form;  (2)  the  full  functional  development  of  the  five  ambulatory 
appendages;  (3)  the  reducti(m  of  the  forked  telson  to  an  oval 
swimming  plate,  and  the  growth  in  size  of  the  abdominal  feet, 
which  become  large  swimming  plates  and  are  at  the  same  time 
provid(»d  with  short  endopodites  which  serve  to  lock  the  feet  of  the 
two  sitles. 

With  those  ossontial  charactorH  the  form  of  the  Megalopa  (liflFers  con- 
Hidorably  in  tlitroreiit  cases.  In  some  instances  (e.g,  CHrcinus  Direuas)  the 
Z(Nv:i  spinos  of  tlie  yoimi^ost  Megalopa  are  f>o  larj^e  that  the  larva  appeani 
nhnoHt  more  liki;  a  Zoiua  than  a  Mo^^alopa  (Spcnco  Bate,  No.  470).  In  other 
caHCs,  e.tj.  that  represented  on  fijr.  22ri,  the  Zoiea  spines  are  still  present  but 
much  reduce<l ;  and  the  c(q>hHlo-thoracic  shield  ha8  very  much  the  adult 


form.      In  otlier  cases  agiiiii  (e.g.  Portuuus)  tlie  Zoasn  H|)iiie«  a 
thrown  oWai  the  youugcHt  Mcgalopa  stH^'t, 

There  is  a  gradiid 
passage  from  the  young- 
est Megalnpa  to  the  aiiult 
fomi  by  a  series  of  raoulta. 

Some  of  the  brachyuroiis 
ZoKA  forms  exhibit  cousiiler- 
iible  divergences  from  the 
described  type,  more  eapeci- 
ally  in  the  armature  of  the 
sliteld.  In  Bome  formR  the 
spines  «re  altogether  al>»eut, 
e.g.  Maja  (Couch,  No.  474) 
and  EurynoDie.  In  other 
forms  the  frontal  spine  muy 
bo  much  reduced  or  absent 
(Inachiis  and  Achaeiis).  The 
dorsal  spine  may  also  be  ab- 
sent, and  in  one  form  de- 
scribed by  Dohi-n  (No.  478) 
there  is  a  long  frontal  Hpine 
and    two    pairs    of   lateral  Fiu.  225.    Meqah.i'i  htjii-,k  i.k  Ciuii  ukvji. 

spines,  but  no  dorsal  spine. 

Both  dorsal  and  frontal  ipines  may  attain  enormous  dimensions  and  be 
swollen  at  their  extremities  (Dohrn).  A  form  hue  been  described  by  Claus 
as  Fterocaris  in  which  the  cephalo-thomcic  shield  is  laterally  expanded  into 
two  wing-like  processes. 

The  /oiea  of  Porcellana  presents  on  the  whole  the  most  remarkuble 
peculiarities  and,  as  might  be  anticipated  from  the  Hysteuiatic  position  of 
the  adult,  is  in  some  res|)ects  intermediate  between  the  macrurous  Zoiea 
and  that  of  the  Brachyura.  It  is  cLaractenEed  by  the  oval  form  of  the 
body,  and  liy  the  presence  of  one  enormously  long  frontal  spine  and  two 
posterior  spines.  The  usual  dorsal  spine  is  absent  Tlie  tail  phtte  is  rounded 
and  has  the  oharaoter  of  the  tail  of  a  macrurous  Zotea,  but  in  the  young 
Zoxa,  the  third  pair  of  maicillipeds  is  absent  and  the  appendages  generally 
have  a  hi-acliyurous  character.  A  Megalopa  stage  is  hardly  represented, 
since  the  adult  may  almost  be  ivgarded  as  a  permanent  Megalopa. 

Stomatopoda.  Tlie  history  of  the  larval  forms  of  the  Htomatopoda 
(Squilla  etc.)  has  not  unfortunately  been  thoroughly  worked  out,  but 
what  is  known  from  the  researches  of  Fritz  MUller  (No.  495)  and  Claus 
(No.  494)  is  of  very  great  importance.  There  are  it  apjiears  two  types, 
both  of  which  used  to  be  deacnbed  as  adult  forma  under  the  respective 
names  Erich  thus  and  A  lima. 

The  youngest  known  Erichthua  form  is  about  two  millimetres  in  length, 
and  has  the  characters  of  a  modified  Zoiea  (fig.  226).  The  liody  is  divided 
into  three  regions,  an  anterior  imsegniented  region  to  which  are  attached 
two  paim  of  antenns,  mandibles,  and  ma:cillie  (two  pairs).  This  poitiutt 
has  a  dorsal  shield  covering  the  nex.t  or  middle  region,  which  consists  of 
five  segments  each  with  a  pur  of  biramous  appendages.     These  appendages 
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reprenent  the  five  maxillipeds  of  the  adult'.     The  portion  of  the  bodr 
behind  this  is  without  appendages.     It  conaistB  of  three   short  anterior 
segments, — the  three  posterior  thoiudc  segments  of  the  adult, — and  a  Ions 
unst^gmented  tail.     The  three  footless  thoracic  segments  are  covered  by  the 
dorsal  sliield.     Both  pairs  of  antennae  are  uniramous  and  comparadvelT 
short.     The  mandibles,  like  those  of  Phyllopods,  are  without  palps,  and  tbe 
two  following  pairs  of  maxillsB  are  small.     The  five  maxillipeds  hare  the 
characters  of  normal  biramous  Zoeea  feet.     From  the  front  of  the  heaid 
spring  a  ]»air  of  compound  eyes  with   short  stalks,   which   grow  longer 
in  the  succeeding  stages;   between  them  is  a  median  eye.      The   dorsal 
shield  is  attached  just  behind  this  eye,  and  is  provided,  as  in  the  typical 
Zo«a,  with  a  frontal  spike— while  its  hinder  border  is  produced  into  two 
lateral  spikes  and  one  median.    In  a  larva  of  about  three  millimetres  a  pair 
of  biramous  appendages  arises  behind  the  three  footless  thoracic  segments. 
It  is  the  anterior  \yBAv  of  abdominal  feet  (fig.  226).     The  inner  ramus  of 
the  second  |>air  of  maxillipeds  soon  grows  greatly  in  length,  indicating  its 
subscfpient  larger  size  and  prehensile  form  (^g,  227  g).     When  the  larva 
after  one  or  two  moults  attains  a  length  of  six  millimetres  {^g.  227)  the 
alxlonien  has   six  segments  (the  sixth  hardly  differentiated),   each   widi 
a  {lair  of  a])]MH)dage8  (the  two  hindermost  still  rudimentary)  which  have 
become  gradually  developed  from  before  backwards.    The  three  hindermost 
thoracic  segments  are  still  without  a[>pendages. 

Some  changes  of  iniportanee 
have  occurred  in  the  other  parta 
Both  antennie  have  acquired  a 
second  flagellum,  but  the  man- 
dible iB  still  without  a  paljk. 
The  first  and   second    pair  of 
maxillipeds  have    both  under- 
gone important  modifications. 
Tlieir  outer  ramus  (exopodite) 
has  been  thrown  off,  and  a  gill- 
plate  (epipoditc)  has  appeared 
as   an    outgrowth    from    their 
basal  joint.      Fliich  of  them  is  composed  of  six  joints.     The  three  following 
bininious  apfiondages  have  retained  their  earlier  characters  but  have  become 
much  reduced  in  nize.     In  the  subsequent  moults  the  most  remarkable  new 
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Fki.  220.     Skcond  btaok  or  Ericiitiius  larva 

OV  HgUILI.A  WITH  KIVK  MAZILLII'F.I»S  AND  THE  FIRST 

PAIR  or  Ani>oMiNAL  APPKNi>A(»K8.    (From  ClauB.) 


Fm.  227.     At»vanckd  ERiniTiirH  ijibva  of  Squiliji  with  five  pairs  of  abdomucal 
APPENi>A<}Ks.     (FromClnuB. ) 

/.  firBt  maxllli])ed ;    y.  second  maxilli|)t>d. 


^  ThcBO  fi\o  innxiliipe<lH  correspond  with  the  three  maxillipeds  and  two  anterior 
Hinliulatory  appcDdages  of  the  Decapoda. 
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features  concern  the  three  posterior  niaxUlipeds,  which  undergo  atrophy, 
and  are  either  completely  loet  or  reduced  to  mere  uvjointed  eaeke  (Gg.  228). 
In  the  Btage  where  the  complete  Erichthus  type  has  been  reached,  these 
three  appendages  have  again  sproutad  forth  in  their  permanent  form  and 
each  of  them  is  provided  with  a  gill-sack  on  its  coxal  joint.     Behind  them 


the  three  ambulatory  appendages  of  the  thorax  have  also  appeared,  first 
as  simple  buds,  whicli  subsequently  however  become  biromous.  On  their 
development  the  full  number  of  adult  ap{i«Qdages  is  aoquired. 

The  most  noteworthy  points  in  the  developmental  hiiitory  detailed 
above  are  the  following  : 

(1)  The  thonuic  and  abdominal  segments  (apart  from  their  appendages) 
develop  nuccessively  from  before  backwards. 

(2)  The  three  last  maiillipeds  develop  before  the  abdominal  feet,  as 
biramouB  appendages,  but  subsequently  completely  atrophy,  and  then  sprout 
out  again  in  their  permanent  form. 

(3)  The  abdominal  feet  develop  in  succession  from  before  backwards, 
an<l  the  whole  series  of  them  is  fully  formed  before  a  trace  of  the 
appenilagCH  of  the  three  hindennost  thoracic  segments  has  appeared.  It 
may  be  mentioned  as  a  point  of  some  importance  that  the  Zoeea  of  SquUla 
has  an  elongated  many-chambered  heart,  and  not  the  short  compact  heart 
usually  found  in  the  Zoea. 

The  younger  stage*  of  the  Alima  larva  are  not  known',  but  the  earliest 
stage  obsierved  is  remarkable  for  presenting  no  trace  of  the  three  posterior 
pairs  of  maxillipeda,  or  of  the  three  following  pairs  of  thoracic  appendages. 
The  segments  belonging  to  these  appendages  are  however  well  developed. 
The  tail  has  its  full  complement  of  segments  with  the  normal  number  of 
well  developed  swimming  feet  The  larva  represents  in  fact  the  stage  of 
the  Erichlhus  larva  when  the  three  posterior  pairs  of  mazillipeds  have 
undergone  atrophy ;  but  it  is  probable  that  these  appendages  never  become 
developed  in  this  form  of  larva. 

Apart  from  the  above  peculiarities  the  Alima  form  of  larva  closely 
resembles  the  Erichthus  form. 

KebaliadSD.  The  development  of  Kebalia  is  abbreviated,  but  firom 
MetschnikoETs  figures*  may  be  seen  to  resemble  closely  that  of  Mysia, 
The  abdomen  has  oompaiatirely  little  yolk,  and  is  bent  over  the  ventral 

1  The  observationB  of  Brooki  pio.  ^93)  rendar  it  probable  that  the  Alinut  larva 
leaves  Uw  egg  in  a  form  not  vei7  diHimilar  to  the  yonngMt  known  Una. 
'  His  paper  ia  nnfoiionatelj  in  Bnstian, 
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imrface  of  the  thorax.     There  is  in  the  egg  a  Nauplios  stage  with  thrpe 
appendages^  and  subsequently  a  stage  with  the  Zocea  appendages. 

The  hinra  when  it  leaves  the  egg  has  the  majority  of  its  appendages 
formed,  but  is  still  enveloped  in  a  larval  skin,  and  like  Mysis  bends  its 
abdomen  towards  the  dorsal  side.  When  the  larva  is  finally  hatched  it 
does  not  differ  greatly  from  the  adult 

CniIUUMB.  The  development  of  the  Cumaceie  takes  place  for  the  most 
part  within  the  egg,  and  has  been  shewn  by  Dohm  (No.  496)  to  resemble 
in  many  points  that  of  tlie  Isopods.  A  dorsal  organ  is  present,  and  a  fold 
is  formed  immediately  behind  this  which  gives  to  the  embryo  a  dorsal 
flexure.    Both  of  these  features  are  eminently  characteristic  of  the  Iso|X)da. 

The  formation  of  the  two  pairs  of  antennie,  mandibles,  and  two  pairs 
of  maxillie  and  the  following  seven  pairs  of  a])pendages  takes  place  very 
early.  The  ]iair  of  a]>pendages  bt^hind  the  second  maxillie  assumes  an 
ambulatory  form,  and  exhibits  a  Schizopod  character  very  early,  difiering 
in  both  these  respects  from  the  homologous  appendages  in  the  l80]KkUi. 
Tlie  cephalo-thoracic  shield  commences  to  be  formed  when  the  ap])enda|i[e8 
are  still  quite  rudimentary  as  a  pair  of  folds  in  the  maxillary  region.  The 
eyes  are  formed  slightly  later  on  each  side  of  the  head,  and  only  coalesce  at 
a  subsequent  period  to  form  the  peculiar  median  sessile  eye  of  the  adult. 

The  two  pairs  of  appendages  behind  the  second  maxillie  become  con- 
verted into  maxilli]ieds,  and  the  exopodite  of  the  first  of  them  becomes 
the  nuiin  i-amus,  while  in  the  externally  similar  second  maxilliped  the 
exopodite  atrophies  and  the  endopodite  alone  remains. 

The  larva  is  hatched  without  the  last  pair  of  thoracic  limlw  or  the 
abdominal  appendages  (whicli  are  never  develojied  in  the  female),  but  in 
other  respects  closely  resembles  the  adult.  Before  hatching  the  dorsaJ 
flexure  is  exchanged  ioc  a  ventral  one,  and  the  lar\'a  acquires  a  character 
more  like  tliat  of  a  Deca|K>d. 

COPEPODA. 

Natantia.  The  free  Copepoda  are  undoubtetlly  amongst  tlic 
lowest  forms  of  those  Cnistacea  which  are  free  or  do  not  lead  a 
parasitic  existence.  Altliough  some  features  of  their  anatomy,  siicli 
for  instance  as  the  frequent  absence  of  a  lieart,  may  be  put  down  to 
a  retrogressive  development,  yet,  from  tlieir  retention  of  the  median 
frontal  eye  of  the  Nauplius  as  the  sole  organ  of  vision',  their  simple 
biramtais  swimming  legs,  and  other  characters,  they  may  claim  to  be 
very  primitive  forms,  which  have  divergeil  to  no  j^reat  extent  fmrn 
the  main  Hue  of  Crustacean  development.  They  supply  a  long  series 
of  transitional  ste{>s  from  the  Nauplius  stage  to  the  adult  condition. 

While  still  within  the  egg-shell  the  embrjo  is  divi<led  by  two 
transverse  constrictions  into  three  segments,  on  which  the  three  Nau- 
plius appendages  are  developed,  viz.  the  two  pairs  of  antennse  and  the 
mandibles.  When  the  embryo  is  hatclied  the  indication  of  a  division 
into  si*gments  has  vanishes],  but  the  larva  is  in  the  fullest  seiiso  a 

>  The  I'ontellidip  form  an  exception  to  tliin  ftutemeut,  in  that  they  are  provided 
with  paired  lateral  eyes  in  addition  to  the  median  one. 
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typical  Nauplius*.  There  are  slight  variations  in  the  shape  of  the  Nau- 
plius  in  (litferent  genera,  but  its  geoeral  form  and  character  are  very 
constant.  It  has  {fig.  229  A)  an  oval  unsegtnented  hody  with  three 
pairs  of  appendages  springing  from  the  ventral  surface.  The  anterior 
of  these  (otl)  is  uniramous,  and  usually  formed  of  three  joints  which 
bear  bristles  on  their  under  surface.  The  two  posterior  pairs  of 
append^es  are  both  biramous.  The  second  pair  of  antenaiB  {at  2) 
is  the  largest.  Its  basal  portion  (protopodite)  bears  on  its  inner 
side  a  powerful  hook-like  bristle.  The  outer  ramus  is  the  longest 
and  matiy •jointed ;  the  inner  ramus  has  only  two  joints.  The 
mandibles  (W)>  though  smaller  than  the  second  pair  of  antennse, 
have  a  nearly  identical  structure.  No  blade-like  projection  is  as  yet 
developed  on  their  protopodite.  Between  the  points  of  insertion  of 
the  first  pair  of  antennse  is  the  median  eye  (oc),  which  originates  by 
the  coalescence  of  two  distinct  parts.  The  mouth  is  ventral,  and  placed 
in  the  middle  line  between  the  second  pair  of  antennee  and  the  man- 
dibles: it  is  provided  with  an  unpaired  upper  lip.  TheFS  are  two 
bristles  at  the  hind  end  of  the  embryo  between  which  the  anus  is 
placed,  and  in  some  cases  there  is  at  this  part  a  slight  indication  of 
the  future  caudal  fork. 

The  larva  undergoes  a  number  of  successive  ecdyaes,  at  each  of 
which  the  body  becomes  more  elongated,  and  certain  other  changes 


Fia.  239.    ScccEBSivK  btaoks  ih  thk  dktelofhiivt  of  Cyclofb  t 
(Copied  Irom  Bronn ;  alter  CUni.) 
A.  B.  mud  C.    Nku^liaH  itagei.     D.  ToungeHt  Copspod  atage.    In  this  figure  "■■■■'ii- 
mad  the  two  mni  of  the  nuiiUiped  ue  Been  imiiiedUlelj  behiod  the  muidiUi  md. 
Of.  eye;  aO.  Gmt  pur  ol  ustennn;    nf.  second  pBu  of  utlmiKc;    nd.  muidible; 
p'.  finil  pair  of  feet;  p*.  tecond  pair  ol  feet;  ^.  Uiijd  pair  of  feet;  u.  eioretorr  eoD- 
cretiona  ill  the  inteitine. 


tAkft  yXtktjn,  Fimt  ^/f  all  tk  xmt  of  appen-lag*-?  az%s  ttAinf  lii*  niEiid:- 
W#,-<i,  whi/:h  fonn  lh#;  mflLxill^sr;  /fig.  22&  B,;  ar.  ^t*?  "a^i-r  Trsii  "Lbr  busLZ 
joint  of  l\i(z  uth,xi\\sfi  /l<;v^:lop<i  a  Cfittins-blaiir-  Tu-rir  F3~:!e*«:i"r 
jjHira  'if  Mfj/t',utisifj^t:n  /fig,  220  C;  next  l^ome  for^-ei — ■•irr  **:-:jifcli*-i 
maxillifi'.-'lx  ^th^j  homoKjgu^.'fi  of  the  second  pair  •::  r-kiil*  .  kiii:  Tin- 
two  fint  thora/:i^'  lif/i(iM.  E;i/:h  of  the^ie  thoaarn  T-rrr  rjjritz'z.^krv  > 
nevert.liel<;)jM  bifid.  The  U^ly  b'.-coinea  greatly  €l-:-:^:ieL  fcz^i  Ti*^ 
','aij'lal  fork  more  'ieveloj^;'!. 

L'p  t/#  thin  Hbige  of  #levelopment  the  Nanpiio*  i««r^iisr:^  lii^r 
retain';'!  their  primitive  character  alm^iSt  unaltere»i;  t*-;  fcf;*rr  fc  :>"■ 
more  fj'Ay'!^',H  a  Kud'len  change  takes  place :  a  cephali-'.Lr'i-rvi'io  sLitj : 
\ftsrjfUHA  fully  'levelop*:*!,  an'l  the  lar\'a  comes  to  resemble  in  'liarsirricr 
an  a/lult  doimjttnl,  from  which  it  mainly  differs  in  ihv  f2?.\Ik-r  ltitti- 
b#jr  of  w;gmentM  and  apjK;ndageH.  In  the  earliest  •Cyolvpe"  sTAsr*^  iL-r 
fiame  numfKir  of  appf:ndage-H  are  present  as  in  the  last  Nau{:4ius  5T&rr. 
There  /fig.  229  D;  is  a  well  developed  cephaio-thorax.  and  i.-ur  frt* 
M^:gmentM  FK:hind  it.  To  the  cephalo-thoracie  region  the  aL:c-r.zi.T. 
mandihIeH,  maxilla:,  the  now  double  pair  of  maxillipedsfderivevj  from 
the  original  Hingle  [lair  of  appendagesj,  and  first  pair  of  thoracic  appien- 
dages  ^//;  are  attached.  The  w^cond  fiair  of  thoracic  appendages  <  /-/■  i> 
fixed  Uf  the  first  free  Mrgment,  and  the  nidiment  of  a  third  pair  p^.  pr- 

1' w:ts  from  tlie  WA*jfiu\  i'rca  s«*gment.  The  first  pair  of  antenna?  has  grcwn 
onger  by  the  a/ldition  of  new  joints,  and  continues  to  increase  in 
length  in  the  following  ecdyses  till  it  attains  its  full  adult  develop- 
ment, and  then  fonns  tlie  chief  organ  of  locomotion.  The  second  pair 
of  antenntfj  is  much  reduced  and  has  lost  one  of  its  rami.  The  two 
rami  of  ttjc  mandibl(;s  are  reducc^l  to  a  simple  palp,  while  the  blade 
hax.  .'Di» limed  its  full  imji'irtaiice.  The  maxillae  and  following  appen- 
dages hav(;  greatly  incn;;iS4;d  in  hv/a:.  They  are  all  biramous.  though 
th<'  two  rami  are  not  ;tH  yet  jointed.  The  adult  state  is  gradually 
at.uin«:d  aft(;r  a  numli4:r  of  successive  ecdyses,  at  which  new  segments 
and  apjiirndages  are  ailded,  while  new  joints  are  formed  for  those 
ain-iuly  prenent. 

Parftsita,  The  carliimt  dpvclopniental  stages  of  the  parasitic  ty|ie8 
ol  i*t, ^M-innhi  t:h^:\y  ifTHeuihU;  thrise  of  the  free  forma,  but,  as  might  be 
i'tlft'tA^i  inmi  the  |j<x;uliarly  nirKlitied  fonns  of  the  adult,  they  present  a 
lar^c  miiiiUrr  of  fw.-aindary  characters.  Ho  far  as  is  known  a  more  or  less 
iitini\iif*l  NaiipliiiH  liirva  in  UHUully  prr'8ffr\*e<]. 

TIm'  di'Vflo]iriM*nt  of  Aclitheres  (>ercarum,  one  of  thft  Lermeopoda  {larasitic 
ill  th<?  month,  (;tc.  of  tlie  cfininioii  Perch,  may  })e  selected  to  illustrate  the 
iiMMie  of  dfrvt'lojiment  of  th(?8e  forms.  The  lar\'a  leaves  the  egg  as  a  much 
hiniplif](f«l  Naiifflius  (tig.  230  A).  It  has  an  oval  Inxly  with  only  the  two 
ant«'rior  [luirH  of  NHiifilius  ap()«*ndages ;  both  of  them  in  the  rndimentarr 
rondition  of  unjointe<l  nxls.  The  usual  median  eye  is  present,  and  then^  u 
alwi  found  a  (MfciilLir  Kterrial  jwipilla,  on  which  o])eti8  a  npiral  canal  filled 
with  a  f^hitirioiiH  tnaterial,  which  is  pn>1>ably  derived  from  a  gland  which 
'iiMipjM-arH  on  the  com[>letion  of  the  duct.  Tlie  prolMible  function  of  this 
origin  iH  to  assist  at  a  lat4*r  ]»eriod  in  the  attachment  of  the  paraaite  to 
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its  host  Underneath  the  Kauplius  skin  a  Dumber  of  appendages  are 
visibl*,  which  become  functional  after  the  fint  ecdyaia.  This  takes  place 
within  a  few  hours  after  the  hatching  of  the  Nanplius,  and  the  litrva  then 


Fio,  280.    BncosBtn  stages  im  tbs  VBVRLorHitiiT  op  Acbtbebeh  ? 
(Copied  bom  BroDn ;  Kftm  Claiu. ) 

A.  Modi6ed  Nanplins  stage.  B.  Cjolope  stage.  C.  Late  itage  of  male  embijo. 
D.    Seioally  mature  female.     B.    Sesuiill;  matnra  male. 

ol'.  first  paitot  anteniue;  nl'.  seoond  pair  of  antennn ;  iirl  mandible;  au.  maiilln; 
pm'.  ODter  pair  of  maiillipedsi  ]»>■'.  inner  pair  of  maiillipedB;  p'.  first  pair  of  less; 
p*.  Moood  pair  (rf lege;  i.  bonlaloTBim;  i.  inleHtine;  o.  larval  eye;  b.  glandular  boc^; 
t.  orRUi  of  touoli;  oe.  anxj;  f.  rod  projeotlDg  from  coaleaoed  maiillipeda;  q.  eement 
glaod;    n.  recBptaoolom  aemiiuB ;    h.  nerroos  system ;    (f.  testis;    e.  Tas  d^eieilB. 

passes  from  this  nidimeatary  Naupliua  stage  into  a  stage  corrc«poading 
with  the  Cyclops  stage  of  the  free  forma  (tig.  230  B).  In  the  Cyclopn 
stage  the  larva  has  an  elongated  body  with  a  large  cephaln-thorncic  shield, 
and  four  free  poetenor  segments,  the  last  of  which  bears  a  forked  ttul. 

There  are  now  present  eight  jiairs  of  appendages,  vie  anteniiK  (two  pairs), 
mandibles,  maxilla:,  maxillipeds,  and  three  pair«  of  swiraming  feet  The 
Nauplius  appendages  are  greatly  modified.  The  first  pair  of  antennaa  is 
three-Jointed,  and  the  second  biramous.  The  outer  rumiis  is  the  longest,  and 
bears  a  claw-like  bristle  as  its  extremity.  This  pair  of  appendages  is  used 
by  the  larva  for  fixing  itself.  The  mandibles  are  small  and  connected 
with  the  proboscidiform  mouth ;  and  the  single  pair  of  maxillte  is  small 
and  palped.  The  maxillipeds  {pni,'  and  pm')  are  believed  by  Clans  to  be 
primitively  a  single  biramous  appendage,  but  early  appear  as  two  dUtinct 
structures',  the  outer  and  larger  of  which  becomes  the  main  organ  by 
which   the  larva  is   fixed.      Both  are   at  this   stage  simple  two-jointed 

'  Van  Benedeo  (No.  506)  in  the  genera  inTesligated  hy  liim  finds  that  the  two 
maiillipeda  ate  really  distinot  pairs  of  appendsK^- 
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Apliendajspes.  The  two  anterior  paint  of  swiinming  feet  have  the  typical 
Btmcture,  and  conhist  of  a  pi-otopodite  bearing  an  unjointed  exopoditc'  and 
endo|iodite.  The  fint  pair  is  attached  to  the  cephalo- thorax  aiid  the 
fieooud  (//)  to  the  firat  free  thoracic  segment.  The  third  pair  is  very 
MDiall  and  attached  to  the  second  free  segineut.  The  mouth  is  situated 
at  the  end  of  a  kind  of  pro1x>scLS  formed  by  prolongations  of  the  upper 
■nd  lower  lifM.  The  alimentary  tract  is  fairly  simple,  and  the  anus  opens 
}H;tween  the  caudal  forks. 

Betwf^*n  this  and  the  n^xt  known  stage  it  is  quite  possible  Uiat  one 
or  more  may  inten-ene.  However  this  may  lie  the  larva  in  the  next 
stage  ol>w;rvi*<l  (tig.  230  C)  has  already  become  parasitic  in  the  mouth  of 
the  Perch,  and  has  acquired  an  elongated  vermiform  a8])ect  The  body  is 
divided  into  two  sections,  an  anterior  unsegmented,  and  a  posterior  formed 
of  five  segniontH,  of  which  the  foremost  is  the  first  thoracic  segment  which 
in  the  earlier  stage  was  fused  with  the  cephalo-thorax.  The  tail  hears 
a  rudimentary  fork  between  the  prongs  of  which  the  anus  opens.  The 
swimming  f(*et  have  disappearcil,  so  also  has  the  eye  and  the  spiral  duct  of 
the  embryonic  frontal  organ.  The  outer  of  the  two  divisions  of  the 
niaxilli(M?<l  have  undergone  the  most  imi>ortant  modification,  in  that  they 
have  bi^come  united  at  their  ends,  where  they  form  an  oi^n  from  which 
an  elongated  rod  (/)  ])rojects,  and  attaches  the  larva  to  the  mouth  or  gills 
of  its  hrwt.  The  antennse  and  jaws  have  nearly  acquired  their  adult  form. 
The  nervous  system  consists  of  supra-  and  infra-<esophageal  ganglia  and 
two  lat4*ral  trunks  given  off  from  the  latter.  At  this  stage  the  malea  and 
fema1(*s  can  aln*ady  lie  diHtinguisheil,  not  only  by  certain  differences  in  the 
rudimentary  generative  organs,  but  also  by  the  fact  tliat  the  outer  l>raiich  of 
the  maxilliiteds  is  much  longer  in  the  female  than  in  the  male,  and  projects 
l>eyond  the  head. 

In  the  next  ecdysis  the  adult  condition  is  reachetl.  The  outer  maxilli- 
INfls  of  the  male  (tig.  230  £,  pm*)  sefMirate  again ;  while  in  the  female 
(tig.  230  I>)  they  remain  fuse^l  and  develop  a  sucker.  The  male  is  only 
HlK>ut  one-fifth  the  length  of  the  female.  In  both  sexes  the  abdomen  is 
much  n^duced. 

In  th(>  g(*n<*ni  Anclion^Ila,  Ijenueop<xln,  Brachiella  and  Hessia,  EiL  rvin 
li^Hfilt'ii  (No.  506)  has  sh«'wn  that  the  embryo,  although  it  jMisses  through 
a  crypto)- Nhu  pi  ins  Ktage  in  the  egg,  is  when  hatched  alrea<ly  in  the  Cyclo|« 
stage. 

Br&nchinrft.  The  {leculiar  ]):irAsite  Ai*gu1uH,  the  affinities  of  which 
with  the  ('o|)<>|NNla  have  IxH'u  dcnuuiHtnited  by  CIhuh  (No.  511),  is  hatchvd 
in  a  <JycI<i)M  }-tag(%  and  luis  no  NaupIiuH  stage.  At  the  time  of  hatching  it 
cl«»He1y  n'HfMiiblcH  the  adult  in  genenil  form.  Its  api>endrtges  are  however 
very  nojirly  tlinse  of  a  tyj)ical  larval  ( 'ojiejMifl.  The  Ixxly  is  com]K)fled  of 
a  cephalo-thorax  and  iw\*  it>gion  Wliind  this.  The  c(*phalo-thorax  bears 
on  its  under  surface  antenna;  (two  pairs),  mandibles,  maxillipeds,  and  the 
first  ]Kiir  of  thoraoie  fw*t. 

Tli«'  fii-st  i>jiir  of  antennie  is  t1in*e-jointf^d,  but  the  Inisal  joint  bearH  a 
ho(»k.  Tlie  sf'coiid  )k:iir  is  binunous,  the  inner  i-amns  terminating  in  a  hook. 
1*lie  mandible  is  ]ui1|mm1,  but  the  p:ilp  is  completi^y  m»|Nirated  from  the 
enttin<r  bla<le'.    Tlie  maxilla  would,  aeeording  to  Clans,  a])p<*ar  to  Iw  alisent. 

>  It  sf'<'iiH  not  im|)OK>4iliIi>  that  the  n)))H-iiilii^'o  ro<?nr(ln(]  by  ClaiiH  an  the  mandibalar 
]inl|>  may  h-ally  re]ireM>nt  tin-  maxilla,  wjiich  would  othnwise  Rcom  to  be  abficnt.    Tliia 
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The  two  typical  divisions  of  the  Coi>epod  maxillipeds  are  present,  viz.  an 
outer  and  anterior  larger  division,  and  an  inner  and  posterior  smaller  one. 
The  first  pair  of  thoracic  feet,  as  is  usual  amongst  Copepoda,  is  attached 
to  the  cephalo-thorax.  It  has  not  the  typical  biramous  Copepod  character. 
There  are  four  free  segments  behind  the  cephalo-thorax,  the  last  of  which 
ends  in  a  fork.  Three  of  them  bear  appendages,  which  are  rudimentary  in 
this  early  larval  stage.  On  the  dorsal  surface  are  present  paired  eyes  as 
well  as  an  unpaired  median  eye. 

Between  the  larval  condition  and  tliat  of  the  adult  a  number  of  ecdyses 
intervene. 

ClRRIPEDIA. 

Tlie  larvai  of  all  the  Cirripedia,  with  one  or  two  exceptions,  leave 
the  egg  in  the  Nauplius  condition.  The  Nauplii  diflFer  somewhat  in 
the  separate  groups,  and  the  post-nauplial  stages  vary  not  incon- 
siderably. 

It  will  be  most  convenient  to  treat  successively  the  larval  history 
of  the  four  sub^oniers,  viz.  Thoraoica>  Abdominalia^  Apoda,  and  Rhizo- 
cephala. 

Thoradca.  The  just  hatched  larvse  at  once  leave  the  egg  lameike 
of  their  parent.  They  pass  out  through  an  opening  in  the  mantle 
near  the  mouth,  and  during  this  passage  the  shell  of  the  parent  is 
opened  and  the  movements  of  the  cirriform  feet  cease. 

The  larval  stages  commence  with  a  Nauplius*  which,  though  re- 
ganleil  by  Claus  as  closely  resembling  the  Ciopepod  Nauplius  (figs.  231 
and  232  A),  certainly  has  very  marked  peculiarities  of  its  own,  and  in 
some  respects  approaches  the  Phyllopod  Nauplius.  It  is  in  the 
youngest  stage  somewhat  triangular  in  form,  and  covered  on  the 
dorsal  side  by  a  veiy  delicate  and  hardly  perceptible  dorsal  shield, 
which  is  prolonged  laterally  into  two  very  peculiar  conical  horns  (fig. 
231  Ih),  which  are  the  most  characteristic  structures  of  the  Cirriped 
Nauplius.  They  are  connected  with  a  glandular  mass,  the  secretion 
from  which  passes  out  at  their  apex.  Anteriorly  the  dorsal  shield 
has  the  same  extension  as  the  body,  but  posteriorly  it  projects  slightly. 

An  unpaired  eye  is  situated  on  the  ventral  surface  of  the  head, 
(ind  immediately  behind  it  there  springs  a  more  or  less  considerable 
upper  lip  {lb)y  which  resembles  the  rhyllopod  labrum  rather  than  that 
of  the  Copepoda.  Both  mouth  and  anus  are  present,  and  the  hind  end 
of  the  body  is  slightly  forked  in  some  forms,  but  ends  in  others,  e.g. 
Lepas  fascicularis,  in  an  elongated  spine.  The  anterior  of  the  three 
pairs  of  Nauplius  appendages  {At  *)  is  uniramous,  and  the  two  posterior 
{At*  and  ma)  are  biramous.  From  the  protopodites  of  both  the  latter 
spring  strong  hooks  like  those  of  the  Copepod  and  Phyllopod  Nauplii. 
In  some  Nauplii,  e.g,  that  of  Balanus,  the  appendages  are  at  first 

mode  of  interpretation  would  bring  the  appendageR  of  Argnlus  into  a  much  clofter 
agreement  witn  thoHe  of  the  parasiUc  Copepoda.  It  does  not  seem  incompatible  witii 
the  existence  of  the  stylet-like  maxiUie  detected  by  Clans  in  the  adnlt. 

^  Alepas  sqnalicola  is  stated  by  Koren  and  Dauielssen  to  form  an  exception  to  this 
mle,  and  to  leave  the  egg  with  six  pairs  of  appendages. 
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not  joiated,  but  in  other  NaiipHi,  e.g.  that  of  Lepas  fasciculjuis, 
the  jointing  is  well  marked.  In  Lepas  fascicularia  the  earlieat  free 
Nauplius  is  enveloped  in  a  larval  skin,  which  ia  thrown  off  aftera  few 
hours.  TheNaupliiof  all  the  Thoracica  undergo  a  considerable  number 
nf  moults  before  their  appendages  increase  in  number  or  segmentation 
of  the  body  appears.  During  these  moults  they  grow  larger,  aod  the 
posterior  part  of  the  body — the  future  thoracic  and  abdomiDol  regitHi — 
grows  relatively  in  length.  There  also  appear  cloge  to  the  sides  of 
the  unpaired  eye  two  conical  bodies,  which  correspond  with  the 
frontal  seose  organs  of  the  Fhyllopods.  During  their  growth  the 
different  larvie  undergo  changes  varying  greatly  in  degree. 

In  Balanus  the  changes  consist  for  the  most  part  in  the  full  seg- 
mentation of  tlie  appendages  and  the  growth  ana  distinctneBs  of  the 
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dorsal  shield,  which  forms  a  somewhat  blunt  triangular  plate,  broadest 
in  front,  with  the  anterior  horns  very  long,  and  two  snort  posterior 
spines.     The  tail  also  becomes  produced  into  a  long  spine. 

In  Lepas  fuscicularis  the  changes  in  appearance  of  the  Nauplius, 
owing  to  a  great  spinous  development  on  its  shield,  are  very  con- 
8i<lerahle;  and,  together  with  its  enormous  size,  render  it  a  very  re- 
markable form,  Dohm  (No.  520),  who  was  the  first  to  iloscribe  il. 
named  it  Archiww'a  gigas. 
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The  dorsal  shield  of  the  Nauplius  of  Lepas  fascicularis  (fig.  231)  becomes 
somewhat  hexagonal,  and  there  springs  from  the  middle  of  the  dorsal 
surface  an  enormously  long  spine  {d,sp\  like  the  dorsal  spine  of  a  Zo«a« 
The  hind  end  of  the  shield  is  also  produced  into  a  long  caudal  spine  (c.9p) 
between  which  and  the  dorsal  spine  are  some  feather-like  processes.  From 
its  edge  there  spring  in  addition  to  the  primitive  frontal  horns  three  main 
pairs  of  horns,  one  pair  anterior,  one  lateral,  and  one  posterior,  and  smaller 
ones  in  addition.  All  these  processes  (with  the  exception  of  the  dorsal 
and  posterior  spines)  are  hollow  and  open  at  their  extremities,  and  like 
the  primitive  frontal  horns  contain  the  ducts  of  glands  situated  under 
the  shield.  On  the  under  suiface  of  the  larva  is  situated  the  unpaired 
eye  {oc)  on  each  side  of  which  spring  the  two-jointed  frontal  sense  organs. 
Immediately  behind  these  is  the  enormous  upper  lip  {W)  which  covers 
the  mouth  ^  At  the  sides  of  the  lip  lie  the  three  pairs  of  Nauplius  ap- 
pendages, which  are  very  characteristic  but  present  no  special  peculiarities. 
Posteriorly  the  body  is  produced  into  a  long  ventral  spine-like  process  ( Vp) 
homologous  with  that  of  other  more  normal  Nauplii.  At  the  base  of  this 
process  large  moveable  paired  spines  appear  at  successive  moults,  six  pairs 
being  eventually  formed.  These  spines  give  to  the  r^on  in  which  they 
are  situated  a  segmented  appearance,  and  perhaps  similar  structures  have 
given  rise  to  the  apj^earance  of  segmentation  in  Spence  Bate's  figurea 
The  anus  is  situated  on  the  dorsal  side  of  this  ventral  process,  and  between 
it  and  the  caudal  spine  of  the  shield  above.  The  fact  that  the  anus 
occupies  this  position  appears  to  indicate  that  the  ventral  process  is 
homologous  with  the  caudal  fork  of  the  Copepoda,  on  the  dorsal  side  of 
which  Uie  anus  so  often  opens*. 

From  the  Nauplius  condition  the  larvsB  pass  at  a  single 
moult  into  an  entirely  different  condition  known  as  the  Cypris 
stage.  In  preparation  for  this  condition  there  appear,  during  the  last 
Nauplius  moults,  the  rudiments  of  several  fresh  organs,  which  are 
more  or  less  developed  in  different  typea  In  the  first  place  a  com- 
pound eye  is  formed  on  each  side  of  the  median  eye.  Secondly  there 
appears  behind  the  mandibles  a  fourth  pair  of  appendages — the  first 
pair  of  maxillae — and  internal  to  these  a  pair  of  small  prominences, 
which  are  perhaps  equivalent  to  the  second  pair  of  maxillae,  and  give 
rise  to  the  third  pair  of  jaws  in  the  adult  (sometimes  spoken  of  as  the 
lower  lip). 

Behind  these  appendages  there  are  moreover  formed  the  rudi- 
ments of  six  pairs  of  feet  Under  the  cuticle  of  the  first  pair  of 
antennae  there  may  be  seen  just  before  the  final  moult  the  four- 
jointed  antennae  of  the  Cypris  stage  with  the  rudiment  of  a  disc  on 
the  second  joint  by  which  the  larvae  eventually  become  attached. 

1  WiUemoeB'Sohm  (No.  530)  states  that  the  month  is  situated  at  the  free  end  of 
the  apper  lip,  and  that  the  oesophagas  passes  through  it.  From  an  examination  of 
some  specimens  of  this  Nanplius,  for  which  I  am  indebted  to  Moseley,  I  am  inclined  to 
think  that  this  is  a  mistake,  and  Uiat  a  groove  on  the  surface  of  the  upper  lip  has 
been  taken  by  Snhm  for  the  oesophagas. 

'  The  enormous  spinous  development  of  the  larva  of  Lepas  fascicularis  is  probably 
to  be  explained  as  a  secondary  protective  adaptation,  and  has  no  genetic  connection 
with  the  somewhat  similar  spinoas  armature  of  the  Zoipa. 
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By  the  free  Cypris  stage,  into  which  the  larva  next  passes,  a  very 
complete  metamorphosis  has  been  effected.     The  median  and  paired 
eyes  are  present  as  before,  but  the  dorsal  shield  has  become  a  bivalve 
shell,  the  two  valves  of  which  are  united  along  their  dorsal,  anterior, 
and  posterior  margins.     The  two  valves  are  further  kept  in  place  by 
an  adductor  muscle  situated  close  below  the  mouth.     Remains  of  the 
lateral  horns  still  persist     The  anterior  antenna)  have  undergone  the 
metamorphosis  already  indicated.     Tliey  are   four-jointed,  the   two 
basal  joints  being  long,  and  the  second  provided  with  a  suctorial  disc, 
in  the  centre  of  which  is  the  opening  of  the  duct  of  the  so-called 
antennary  or  cement  gland,  which  is  a  granular  mass  lying  on  the 
ventral  side  of  the  anterior  region  of  the  body.     The  gland  arises 
(Willemoes  Suhm)  during  the  Nauplius  stage  in  the  large  upper  lip. 
The  two  distal  joints  of  the  antenna)  are  short,  and  the  last  of  them 
is  provided  with  olfactory  hairs.    The  great  upper  lip  and  second 
pair  of  antennas  and  mandibles  have  disappeared,  out  a  small  papilla, 
forming  the  commencement  of  the  adult  mandibles,  is  perhaps  de- 
veloped in  the  base  of  the  Nauplius  mandibles.    The  first  pair  of 
maxiUie  have  become  small  papillse  and  the  second  pair  probably 
remain.     The  six  posterior  pairs  of  appendages  have  grown  out  as 
functional  biramous  swimming  feet,  which  can  project  beyond  the 
shell  and  are  used  in  the  locomotion  of  the  larva.     They  are  composed 
of  two  basal  joints,  and  two  rami  with  swimming  hairs,  each  two- 
jointed.    These  feet  resemble  Copepod  feet,  and  form  the  main  ground 
for  the  views  of  Claus  and  others  that  the  Copepoda  and  Cirripedia 
are  closely  related.     They  are  regarded  by  Glaus  as  representing  the 
five  pairs  of  natatory  feet  of  Copepoda,  and  the  generative  appen- 
dages of  the  segment  behind  these.     Between  the  natatory  feet  are 
delicate  chitinous  lamella*,  in  the  s])aces  between  which  the  cirriform 
feet  of  the  adult  become  developed.     The  ventral  spinous  process 
of  the  Nauplius  stage  is  much  reduced,  though  usually  three-jointed. 
It  becomes  completely  aborted  after  the  larva  is  fixed. 

In  addition  to  the  antennary  gland  there  is  present,  near  the  dorsal 
side  of  the  boily  above  the  natatory  feet,  a  peculiar  ])aired  glandular 
mass,  the  origin  of  which  has  not  been  clearly  made  out,  but  which  is 
perhaps  e<piivalent  to  the  entomostracau  shell  gland.  It  probably 
supplies  the  material  for  the  shell  in  succeeding  stages\ 

The  free  Cypris  stage  is  not  of  long  dunition  :  and  during  it  the 
larva  does  not  take  fooil.  It  is  succeede<l  by  a  sUige  known  as  the  pupa 
stage  (fig.  2.32  B),  in  which  the  hirva  becomes  fixed,  while  underneath 
the  lar\'al  skin  the  adult  stnictures  are  develu{)e(l.  This  stage  fully 
deserves  its  name,  since  it  is  a  quiescent  stage  during  which  no  nutri- 
ment is  taken.     The  attachment  takes  place  by  the  sucker  of  the 

'  Tlicrc  is  eoDKidi^rablc  confusion  about  the  hIioII  \i\mi\  and  antennary  ffland.  In 
my  account  WilleniOfH  Suhm  liaH  been  followed.  CUuh  however  regards  what  I  ha\-e 
called  the  antennary  gland  att  the  Hhell  Kland,  and  HtatcH  tliat  it  does  not  open  into  the 
ant4'nnjp  till  a  later  period.  He  docH  not  clearly  deiicribc  its  o|wning,  nor  the  oigan 
which  I  have  called  tlio  shell  gland. 
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Fio.  232.  Labyal  forms  of  the 
Thoracica.    (From  Huxley.) 

A.  Naoplias  of  Balanos  balanoides. 
(After  Sp.  Hate.)  B.  Pupa  stage  of  Lepas 
aastralis.     (After  Darwin.) 

n.  antennary  apodemes;  I.  cement 
gland  with  duct  to  antenna. 


antennse,  and  the  cement  gland  (t)  supplies  the  cementing  material 
for  effecting  it.  A  retrogressive  metamorphosis  of  a  large  number 
of  the  organs  sets  in,  while  at  the 
same  time  the  formation  of  new 
adult  structures  is  proceeded  with. 
The  eyes  become  gradually  lost, 
but  the  Nauplius  eye  is  retained, 
though  in  a  rudimentary  state,  and 
the  terminal  joints  of  the  antennse 
with  their  olfactory  hairs  are  thrown 
off.  The  bivalve  shell  is  moulted 
about  the  same  time  as  the  eyes, 
the  skin  below  it  remaining  as  the 
mantle.  The  caudal  process  be- 
comes aborted.  Underneath  the 
natatory  feet,  and  between  the 
above-mentioned  chitinouslamellsB, 
the  cirriform  feet  are  formed ;  and 
on  their  completion  the  natatory 
feet  become  thrown  off  and  replaced 
by  the  permanent  feet.  In  the  Lepadidse,  in  which  the  metamor- 
phosis of  the  pupa  stages  has  been  most  fully  studied,  the  anterior 
part  of  the  body  with  the  antennse  gradually  grows  out  into  an  elon- 
gated stalk,  into  which  pass  the  ovaries,  which  are  formed  during  the 
Cypris  stage.  At  the  base  of  the  stalk  is  the  protuberant  mouth,  the 
appendages  of  which  soon  attain  a  higher  development  than  in  the 
Cypris  stage.  At  the  front  part  of  it  a  large  upper  lip  becomes  formed. 
Above  the  mantle  and  between  it  and  the  shell  there  are  formed 
in  the  Lepadidse  the  provisional  valves  of  the  shell.  These  valves 
are  chitiuous,  and  have  a  fenestrated  structure,  owing  to  the  chitin 
being  deposited  round  the  margin  of  the  separate  epidermis  (hypo- 
dermis)  cells.  These  valves  in  the  Lepadid®  "prengure  in  shape, 
size,  and  direction  of  growth,  the  shelly  valves  to  be  formed  under 
and  around  them*'  (D^win,  No.  519,  p.  129). 

Whatever  may  be  the  number  of  valves  in  the  adult  the  provisional 
valves  never  exceed  five,  viz.  the  two  scuta,  the  two  terga  and  the  carina. 
They  are  relatively  far  smaller  than  the  permanent  valves  and  are  therefore 
separated  by  considerable  membranous  intervals.  They  are  oflen  preserved 
for  a  long  time  on  the  permanent  calcareous  valves.  In  the  Balanidie  the 
embryonic  valves  are  membranous  and  do  not  overlap,  but  do  not  present 
the  peculiar  fenestrated  structure  of  the  primordial  valves  of  the  Lepadide. 

In  connection  with  the  moult  of  the  pupa  skin,  and  the  conversion 
of  the  pupa  into  the  adult  form,  a  remarkable  change  in  the  position 
takes  place.  The  pupa  lies  with  the  ventral  side  parallel  to  and  ad- 
joining the  surface  of  attachment,  while  the  long  axis  of  the  body  of 
the  young  Cirriped  is  placed  nearly  at  right  angles  to  the  surface  of  at- 
tachment. This  change  is  connected  with  the  ecdyses  of  the  antennary 
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apodemes  (n),  which  leave  a  deep  bay  on  the  ventral  surface  behiud  the 
peduncle.  The  chitinous  skin  of  the  Cirriped  passes  round  the  bead 
of  this  bay,  but  on  the  moult  of  the  pupa  skin  taking  place  becomefl 
stretched  out,  owing  to  the  posterior  part  of  the  larva  bending  dorsal- 
wards.  It  is  this  flexure  which  causes  the  change  in  the  position  of 
the  larva. 

In  addition  to  the  remarkable  external  metamorphosis  undergone 
during  the  pupa  stage,  a  series  of  hardly  less  considerable  internal 
changes  take  place,  such  as  the  atrophy  of  the  muscles  of  the 
antennae,  a  change  in  the  position  of  the  stomach,  etc. 

Abdominalia.  In  the  AlcippidsB  the  larva  leaves  the  egg  as  a  Nanplins, 
and  this  stage  is  eventually  followed  by  a  pupa  stage  closely  resembling 
that  of  the  Thoracica.  There  are  six  pairs  of  thoracic  natatoiy  legs 
(Darwin,  No.  519).  Of  these  only  the  first  and  the  last  three  are  preserved 
in  the  adult,  tlie  first  being  bent  forward  in  connection  with  the  month. 
The  body  moreover  partially  preserves  its  segmentation^  and  the  mantle 
does  not  secrete  calcareous  valves. 

The  very  remarkable  genus  Cryptophialus,  the  development  of  which  is 
described  by  Darwin  (No.  519)  in  his  classical  memoir,  is  without  a  free 
Nauplius  stage.  The  embryo  is  at  first  oval  but  soon  acquires  two  anterior 
procesHeH,  apparently  the  first  pair  of  antennae,  and  a  posterior  prominence, 
the  abdomen.  In  a  later  stage  the  abdominal  prominence  disappears,  and 
the  antennary  processes,  within  which  the  true  antennie  are  now  visible, 

are  carried  more  towards  the  ventral 
surface.  The  larva  next  passes  into 
the  free  Cypris  stage,  during  which  it 
creeps  about  the  mantle  cavity  of  its 
parent  It  is  enveloped  in  a  bivalve 
shell,  and  the  antennie  have  the  nor- 
mal cirriped  structure.  There  are  no 
other  true  appendages,  but  posteriorly 
three  pairs  of  bristles  are  attached  to 
a  rudimentary  abdomen.  Paired  Goni> 
pound  eyes  are  present  During  the 
succeeding  pupa  stage  the  metamor- 
phosis into  the  adult  form  takes  place, 
but  this  has  not  been  followed  out  in 
detail. 

In  Kochlorine,  a  form  discovered 
by  Noll  (No.  526)  and  closely  related 
to  Cryptophialus,  the  lame  found 
within  tlie  mantle  represent  apparent- 
ly two  larval  stages,  similar  to  two 
of  the  larval  stages  described  >iy 
Darwin. 

Bhizocephala.  The  Rhizoooph- 
ala,  as  might  have  been  anticipated 
fi*om  their  close  relationship  to  Ane- 
lasma  sqnalicola  amongst  the  Tho- 
racica, undergo  a  development  difler- 
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Fid.  233.  Staokh  in  thr  develop- 
MKNT  OP  TiiF  UnizocKpnAiA.  (From 
Huzloy,  afU>r  Fritz  Miiller.) 

A.  NttiipIiuH  of  SafCculina  purpurea. 
B.  (\v))riH  Htu^e  of  LcmflPodiHcas  por- 
ccUaniV.    C.  Adult  of  PeltogaBtcr  pagnri. 

//.  ///.  IV,  Two  pairfl  of  antcnnn 
and  maiidibloH ;  cp.  carapace;  a.  anterior 
endoflMKly;  b.  Kcneraiivo  aportaro;  e. 
root-like  proccsHCS. 
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ing  much  less  from  the  typ«  of  the  Tbotacica  than  that  of  CryptophialoB 
and  Kochlorine. 

Socculina  leaves  the  egg  as  a  Naupliua  (fig.  233  A.)  which  differs  from 
the  ordinary  type  mainly  (i)  in  the  large  development  of  an  oval  dorsal 
shield  icp)  which  projects  far  beyond  the  edge  of  the  body,  but  is  provided 
with  the  typical  sternal  horns,  etc. ;  and  {2)  in  the  absence  of  a  mouth. 
The  Cypria  and  pupa  stages  of  Sacculina  and  other  Bbizocephala  (fig.  233  fi) 
are  closely  similar  to  those  of  the  Thontcica,  but  the  paii-ed  eye  is  absent. 
The  attachmeiit  takes  place  in  the  usual  way,  but  the  subsequent  meta- 
morphosis leads  to  the  loss  of  the  thoracic  feet  and  generally  to  retro- 
gressive changes, 

OSTBACODA. 

Our  knowledge  of  the  development  of  this  remarkable  group  is  entirely 
due  to  the  investigations  of  Glaus. 

Some  forms  of  Cythere  are  viviparous,  and  in  the  marine  form  Cypridina 
the  embryo  develops  withiu  the  valves  of  the  shell.  Cypris  attaches  its 
eggs  to  water  plants.  The  larvte  of  Cypris  are  free,  and  their  development 
is  somewhat  complicated.  The  whole  development  is  completed  in  nine 
ecdyses,  each  of  them  accompanied  by  more  or  lees  important  changes  in 
the  constitution  of  the  larva. 

In  the  earliest  free  stage  the  larva  has  the  characters  of  a  true  Nanplius 
with  three  pairs  of  appendages  (Gg.  231  A).  The  Nauplius  presents  how- 
ever one  or  two  very  marked  secondary  charactera.     In  the  first  place  it  is 


Hx  m 


Fio.  284.     Two  BTAQEB  in  THB  DivzLonfUTT  OF  Ctfsis.    (Ftoid  Clans.) 
A.    Earliest  (Nanplios)  staee.  B.    Beoond  stege. 

A'.  A".    Fint    and    second   pairi    of   antonnn;    Md.   mandiblea;    OL.  labmm; 
ITc'.  firat  pair  of  msiillsi  /".  flnt  pair  of  feet. 

completely  enveloped  in  a  fiilly  formed  bivalve  shell,  dillering  in  unessential 
points  from  the  shell  of  the  adult.  An  adductor  muscle  {SM)  for  the  shell 
is  present,  Again  the  second  and  third  appendages,  though  locomotive  iu 
function  are  neither  of  them  biramous,  and  the  third  one  already  contains 
a  rudiment  of  the  future  mandibular  blade,  and  terminates  in  an  anteriorly 
directed  hook-like  bristle.  The  first  pair  of  antennse  is  moreover  very 
similar  to  the  second  and  is  used  in  progressioiL  Neither  of  the  paira 
of  antenna  become  much  modified  in  the  safaaequent  metamorphoaia     The 
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I  the  adult  CypriH.  and   a.  fully 


Nau)j|iiis  lias  a  sin(;l(;  median  e, 
deToloi>«d  atimenlary  tract. 

The  aecond  stage  (fig.  23-1  B),  iiiaHgUi-ftted  by  the  tirat  moult,  is  i 
chamcterized  by  the  ap[»earance  of  two  freah  ya.\n  of  aititendages,  v 
first  pair  of  nmxilire  aud  the  fii-st  )>air  of  feet ;  the  aeooud  pair  of  n: 


Fid.  936.     Staoeh  IK  TnK  devklopxient  or  Ciniis.    (Fro 

A.    Fourth  stage.  B.    Fifth  stage. 

ii^.   first  maxilla;  Mi",  aud/.  Hcond  maiilht;  f,  first  p«iiiotf«et;  t..  Kr* 

not  beinx  developed  till  later.  The  limt  pair  ajijiesr  b»  iMif-like  eumJ 
jilates  (.U'j:')  uior!  or  lew  like  Fbyllo|>od  appeudages  (Olaas)  thoujgh  at 
this  ata^  without  au  exopodjte.  Tlie  tirat  [>air  of  feet  {J")  termiiMitai  in 
n  curved  claw  and  iji  used  for  adhering.  The  mandibles  liave  by  Uiia  et»^ 
fully  develoixxl  blailea,  and  have  practically  attained  their  adidt  form,  con- 
sisting of  a  [lowerful  toothed  blade  and  a  four-jointed  palp. 

During  the  thiixl  and  fourth  stages  the  firat  \iair  of  maxilliv  noquint 
their  pectinated  gill  plate  (epi[)odite)  and  fonr  blades;  and  in  the  fonrtli 
stage  (lig,  235  A)  the  second  jiair  of  msxillie  (.l/.c")  arises,  as  a  \m.\r  at 
uurved  plates,  similar  to  the  first  pair  of  niaxillie  at  their  first  s|i|ieMnuienL    ' 
The    forked    tail    ia    indicaKvl   during   the    fourtii    stage  Yiy    two  brutlea. 
During  the  fifth  stage  (fig.  235  B)  the  number  of  joints  u(  the  first  pMT  uf  ] 
lUktenna!  becomes  in<:rease<l,  and  the  posterior  maxiIlK  develop  a  blade  mmI    [ 
become  four-jointed  ambulatory  a[ipendages  tenninating  in  u  houk.      Tb« 
caudal  fork  becomes  more  distinct. 

In  the  Kisth  stage  (fig.  236)  the  second  and  hindermost  \*dr  of  feet  be-  I 
comes  formed  {/"')  and  the  maxillie  of  the  second  pair  lose  their  ambalatorr  ] 
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fdnction,  and  liegin  to  be  cooveileJ  into  duGoite  masticatory  H{ipendflgc!t 
by  the  reduced  jointing  of  their  palp,  and  the  increase  of  their  cutting 


CvFRiH.     (From  Clam.) 
aAf'.  firat  and  second  pftit  at 
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Fia.  3S6.    Sixth  arkOE  a 
3/x'.  6rat  niBiilta;    jif  j'. /'.  ipoond  maxilla;   /". 
feet ;   Fa.  caudal  iotk ;   J,,  liver ;  S.  D.  sbell  glanif 

blades.  By  the  aeventh  stage  all  the  appendages  have  practically  attained 
their  pei'uiantiDt  font) ;  the  second  pair  of  maxiliie  haa  acr|uirei)  small 
branchial  ptat^a,  and  the  two  following  feet  have  become  jointed.  In  the 
eighth  and  ninth  stages  the  generative  organs  attain  their  mature  form. 

The  hirva  of  Cythere  st  the  time  of  birth  has  rtidimenta  of  all  the 
limbs,  but  the  mandibular  palp  still  functions  as  a  limb,  and  the  three  feet 
(2iid  pair  of  uaxills  and  two  following  appendages)  are  very  rudimentary. 

The  larvie  of  Oypridina  are  batched  in  a  condition  whicii  to  all  intents 
and  purposes  reaeubles  the  adult. 

Pftylogeny  of  the  Crustacea. 

The  classical  work  of  Fritz  Miiller  (No.  452)  on  the  [ihylogeiiy  of  the 
Crustacea  hna  givfn  a  great  impetus  to  the  study  of  their  larval  forms,  and 
the  interpretations  of  these  forms  which  he  has  offered  have  been  the  subject 
of  a  very  large  amount  of  criticism  and  discussion.  A  great  step  forward 
in  this  discussion  has  been  recently  made  by  Claus  in  his  nienioir  (No.  448). 

The  most  fundamental  question  concerns  the  moaning  of  the  Nuiiplius. 
Is  the  NauptiuB  tlie  ancestral  form  of  the  Cmatocea,  as  is  believed  by  Fritz 
MUlIer  and  Olaus,  or  are  its  peculiarities  and  constant  occurrence  due  to 
some  other  cause  1  The  most  plausible  explanation  on  the  second  hypothesin 
would  seem  to  be  the  following.  The  s^'ments  with  their  appendagrs  of 
Arthropoda  and  Annelida  are  normally  formed  from  before  backwards, 
therefore  every  member  of  these  two  groups  with  more  than  three  segments 
must  necessarily  pass  through  a  stage  with  fml;/  tkrte  neg-menta,  and  the  fact 
that  in  a  particular  group  this  stage  is  often  reached  on  the  larva  being 
hatched  is  in  itself  no  proof  that  the  ancestor  of  the  group  had  only  tJiree 
segments  with  their  appendages.  This  explanation  appears  tn  me,  so  far 
OS  it  goes,  quite  valid;  but  though  it  relieves  us  from  the  necessity  of 
suppoaiug  that  the  primitive  Crustacea  had  only  three  pairs  of  appendages, 
B.  E.  27 
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incfuruar:  of  liftfJK-  tz^t  tji*-  iiilj 


1.     TiiL^  idH^  sikZirliiKsi  i£k'r»  lajtt  iiriL  sf  icruiirfiii  wwia^maln^  feet  »ad 
V.     7^  fe.-jii(^%  'i^  negntTTiTaic  iz.  ise  NAxjtriif  soar.      Aw  abectieip 


^  <r  Oj5*^oifc  kzii  •lirriite'rifc. 


^.  Tii^  pn9K£«3it  1^  ft  i»sa2fcz.  g-gy  ?▼«-  as  tike  wue  orx^ftn  of 
^jf  UiM^  ^t-.4=.'3  iLe  rrs.  ic<i:ctd.  i£ii  £fi^  ^c«Mr  ocIt  to  be  capable 
'A  '^JLZ  *:Ti-^^tzjt^  i^rkc^seC&sftlJT.  wif>  wTiL  nrfgccicig  lo  the  absence 
<^  ft  iA^n  h  ft^^ean  tctt  izizrc>:ttbv»  ihfti  iL«>  ftzkoaetral  Cmstacea  vere 
'wrl\zyjz\  ft  «i.*.rftl  'jTZftz:  cf  circLl4«a>:c-  If  iLe  ftibo^e  fKi^xtions  are  ftc> 
•xy^  \Sjh.  tirx£:jzji^x.  voc'i  K«esn  lo  fJZoT  tLas  in  a  certain  sense  tbe 
Nft^spchii  ia  ftn  fti.ees;rft]  f-icm — \^\  ihft^  vhile  it  no  doubt  had  its  time 
ftLVrnor  pain  c€  ftp|<K.«ift^es  simiiar  to  ibose  of  exi&tzDg  Xanplii.  it  mar 
prbftfa  bare  bten  pr&T>iHi  vixli  a  se^inecwii  bodv  behind  provided  with 
MIL  pie  MrazEi^^oft  ftf-petMla^es.  A  heart  ftz>i  cepha2o-thoncic  shield  mar  also 
LftTe  beeii  present,  though  tlie  existence  c-f  the  latter  is  perhi^  doobtfoL 
Tbervr  vftA  iio  d  Aibt  a  median  sin^e  ere,  \^\  it  is  di^cult  to  decide  whether 
or  wj  paired  compoiind  erea  were  also  present.  The  tail  ended  in  a  fork 
bet v«:«:i.  tbe  pp>i»gB  of  which  tbe  anus  cf^-ired :  and  the  month  was  protected 
bv  ft  lar^e  np|<er  lip.  In  fact,  it  mar  rerr  probaUr  tnm  out  that  the  most 
priuiitivf'  Croi^tacea  morv  itwembl^d  an  Ap35  larra  at  the  moah  immediatelr 
\^or*:  ih*:  ftp{^i.dfti^  lose  tb^ir  Nacplius  ch&racters  {^.  208  B),  or  a 
Cjciojrt  Lirva  just  Virfore  the  Cvolops  stage  \hg.  22tM,  than  the  earliest 
Nft'ipiiufl  f.f  either  of  these  forms. 

If  the  Nauplius  ance3*t«'r  thiis  nrx^nstmoted  is  admitted  to  have  existed, 
tbe  next  r^ne^tion  in  the  jihylogeny  of  tbe  Crustacea  concerns  the  relations 
of  the  vanoti<»  pbjla  to  tbe  Nauplius.  Arv  the  different  phyla  descended 
frtjju  tbe  Nauplius  direct,  or  bave  they  branched  at  a  later  period  from 
ftorne  c-^riitral  bteiu  )  It  is  |>erba|is  hardly  {x^ssible  as  yet  to  give  a  full  and 
Mitihfact/^r}'  answer  to  this  que:»tion,  which  retjuires  to  be  dealt  with  for  c«ch 
•e^iaraU:  pkyluiu;  but  it  may  piobal'ly  be  safely  maintained  that  the  existins 
PbylloiKxbi  are  members  of  a  group  which  was  preriously  much  lar^r, 
and  tbe  most  central  of  all  tbe  Crustacean  grou|K  :  and  which  more  neariy 
retains  in  the  characters  of  the  second  pair  of  antennie  etc.  the  Nauplius 
pfri:ijliariti(.'S.  This  view  is  shared  Ijotb  by  Claus  and  Dohm,  and  appears 
to  lie  in  accordance  with  all  tbe  evidence  we  have  both  |)a]»ontological  and 
moqihological.  Claus  indeed  carries  this  view  still  further,  and  believes 
that  tbe  later  Nauplius  stages  of  tbe  different  Entomostracan  groups  and 
tbe  MalacoKtraca  (Pemeus  larva)  exhibit  undoubted  Phyllopod  aflSnitieik 
He  therefore  |»rihtulate8  the  earlier  existence  of  a  ProtophyUopod  form, 
which  would  Cf>rres]iond  very  closely  with  the  Nauplius  as  reoonstmcted 
aUive,  ftitui  which  he  lielieves  all  the  Crustacean  groups  to  have  diverved. 

*  For  the  chsracters  of  Naaplias  ride  p.  881. 
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It  ifl  beyond  the  scope  of  this  work  to  attempt  to  grapple  with  all  the 
difficulties  which  arise  in  connection  with  the  origin  and  relationships  of  the 
various  phyla,  but  I  confine  myself  to  a  few  suggestions  arising  out  of  the 
developmental  histories  recorded  above. 

MalaCOStraca*  In  attempting  to  reconstitute  from  the  evidence  in 
our  possession  the  ancestral  history  of  the  Malacostraca  we  may  omit  from 
consideration  the  larval  history  of  all  those  types  which  leave  the  egg  in 
nearly  the  adult  form,  and  confine  our  attention  to  those  types  in  which 
the  larval  history  is  most  completely  preserved. 

There  are  three  forms  which  are  of  special  value  in  this  respect,  viz. 
Euphausia,  Penseus  and  Squilla.  From  the  history  of  these  which  has 
already  been  given  it  appears  that  in  the  case  of  the  Decapoda  four  stages 
(Glaus)  may  be  traced  in  the  best -preserved  larval  histories. 

1.  A  Nauplius  stage  with  the  usual  Nauplius  characters. 

2.  A  Protozo»a  stage  in  which  the  maxill®  and  first  pair  of  maxilli- 
peds  are  formed  behind  the  Nauplius  appendages ;  but  in  which  the 
tail  is  still  unsegmented.  This  stage  is  comparatively  rarely  preserved  and 
usually  not  very  well  marked. 

3.  A  Zosea  stage  the  chief  features  of  which  have  already  been  fully 
characterised  {vide  p.  385).  Three  more  or  less  distinct  types  of  Zocea 
are  distinguished  by  Glaus,  (a)  That  of  Penasus,  in  which  the  appendages 
up  to  the  third  pair  of  maxillipeds  are  formed,  and  the  thorax  and  abdomen 
are  segmented,  the  former  being  however  very  short.  The  heart  is  oval, 
with  one  pair  of  ostia.  From  this  type  the  Zosea  forms  of  the  other  Deca- 
poda are  believed  by  Glaus  to  be  derived.  (5)  That  of  Euphausia,  with 
but  one  pair  of  maxillipeds  and  those  short  and  Phyllopod-like.  The 
heart  oval  with  one  pair  of  ostia.  (c)  That  of  Squilla,  with  an  elongated 
many -chambered  heart,  two  pairs  of  maxillipeds  and  the  abdominal 
appendages  in  full  activity. 

4.  A  Mysis  stage,  which  is  only  found  in  the  macrurous  Decapod 
larviB. 

The  embryological  questions  requiring  to  be  settled  concern  the  value 
of  the  above  stages.  Do  they  represent  stages  in  the  actual  evolution  of 
the  present  types,  or  have  their  characters  been  secondarily  acquired  in 
larval  life? 

With  reference  to  the  first  stage  this  question  has  already  been  discussed, 
and  the  conclusion  arrived  at^  that  the  Nauplius  does  in  a  much  modified  form 
represent  an  ancestral  type.  As  to  the  fourth  stage  there  can  be  no  doubt 
that  it  is  also  ancestral,  considering  that  it  is  almost  the  repetition  of  an 
actually  existing  form. 

The  second  stage  can  clearly  only  be  regarded  as  an  embryonic  prepara- 
tion for  the  third ;  and  the  great  difficulty  concerns  the  third  stage. 

The  natural  view  is  that  this  stage  like  the  others  has  an  ancestral 
value,  and  this  view  was  originally  put  forward  by  Fritz  Mliller  and  has 
been  argued  for  also  by  Dohm.  On  the  other  hand  the  opposite  side  has 
been  taken  by  Glaus,  who  has  dealt  with  the  question  very  ably  and  at 
great  length,  and  has  clearly  shewn  that  some  of  Fritz  Mailer's  positions 
are  untenable.  Though  Glaus'  opinion  is  entitled  to  very  great  weighty  an 
answer  can  perhaps  be  given  to  some  of  his  objections.  The  view  adopted 
in  this  section  can  bent  be  explained  by  setting  forth  the  chief  points  which 
Glaus  urges  against  Frits  Mtiller's  view. 
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The  primary  question  which  needs  to  be  settled  is  whether  the  Mala- 
costraca  have  diverged  very  early  from  the  Naupliiis  root,  or  later  in  the 
history  of  the  Crustacea  from  the  Phylloi)od  stem.  On  this  qaestion 
Claus*  brings  arguments,  which  appear  to  me  very  concluBive,  to  shew 
that  the  Malacostraca  are  derived  from  a  late  Protophyllopod  type,  and 
Olaus'  view  on  this  point  is  shared  also  by  Dohm.  The  Phyllopoda  present 
so  many  characters  (not  possessed  by  the  Nauplius)  in  common  with  the 
Malacostraca  or  their  larval  formt*,  that  it  is  incredible  that  the  whole  of 
these  should  have  originated  independeutly  in  the  two  groups.  The  more 
important  of  these  characters  are  the  following. 

1.  The  compound  eyes,  so  often  stalked  in  both  groups.* 

2.  Tlie  al>sence  of  a  palp  on  the  mandible,  a  very  marked  character  of 
the  Zosea  as  well  as  of  the  Phyllopoda. 

3.  The  pi'escnce  of  a  pair  of  frontal  sense  knobs. 

4.  The  Phyllopod  character  of  many  of  the  appeudages.  Cf.  first  pair 
of  maxillipeds  of  the  Euphausia  Zoaea. 

/>.     The  presence  of  gill  pouches  (epipodites)  on  many  of  the  appendages'. 

In  addition  to  these  points,  to  which  others  might  be  added,  Clans 
attempts  to  shew  that  Nebalia  must  be  regarded  as  a  type  intermediate 
between  the  Phyllopods  and  Malacostraca.  This  view  seems  fairly  esta- 
blished, and  if  true  is  conclusive  in  favour  of  the  Phyllopod  origin  of  the  31a- 
lacostraca.  If  the  Protophyllopod  origin  of  the  Malacostraca  is  admitted, 
it  seems  clear  that  the  ancestral  forms  of  the  Malacostraca  must  have  de- 
veloped their  segments  regularly  fh)m  before  backwards,  and  been  provided 
with  nearly  similar  appendages  on  all  the  segments.  This  however  is  far 
from  the  case  in  existing  Malacostraca,  and  Fritz  Milller  commences  his 
summary  of  the  chai-acters  of  the  Zotea  in  the  following  words*.  **The 
middle  body  with  its  ap{)endages,  those  five  pairs  of  feet  to  which  these 
animals  owe  their  name,  is  either  entirely  wanting  or  scarcely  indicated.** 
This  he  regards  as  an  ancestral  character  of  the  Malacostraca,  and  is  of 
opinion  that  their  thorax  is  to  be  regarded  as  a  later  acquirement  than 
the  head  or  alxlomen.  Claus'  answer  on  this  point  is  that  in  the  most 
primitive  Zotea?,  viz.  those  already  spoken  of  as  types,  the  thoracic  and 
alulominal  segments  actually  develop  in  regular  succession  from  before 
backwards,  and  he  therefore  concludes  that  the  late  development  of  the 
thoiiix  in  the  majority  of  Zoa^  forms  is  secondary  and  not  an  aticeatral 
Phyllopod  peculiarity. 

This  is  the  main  argument  used  by  Claus  against  the  Zoiea  having  anv 
ancestral  meaning.     His  view  as  to  the  meaning  of  the  Zoiea  may  be 

>  CIaiih  Rpcaks  of  the  various  Crustacean  phyla  as  haying  sprung  from  a  Protophyl- 
lopod form,  and  it  might  bo  supposed  Diat  he  considered  that  they  all  diveiiged  from 
the  same  form.  It  is  cleiir  however  from  the  context  that  he  regards  the  Protophyllopod 
type  from  wliich  tlie  Malacostraca  originated  as  far  more  like  existing  Phyllopods  than 
that  from  which  the  Entomostracan  groups  have  sprung.  It  is  not  quite  easy  to  get 
a  consistent  view  of  his  jHwitifm  on  the  question,  since  he  states  (p.  77)  that  the 
MalucoHtrooa  and  the  Copcpods  div(.>rge<l  from  a  similar  form,  which  is  represented  in 
their  rc'Ki>ective  dexrlopmeiits  by  the  Protozonpa  and  earliefit  Cyclops  stage.  Yet  if 
I  undorstund  him  riglitly,  he  does  not  consider  the  Trotozoa'a  stage  to  be  the  Proto- 
phyllt>|>04l  stage  from  which  the  Malacostraca  have  diverged,  but  states  on  p.  71  that 
it  ^!^aH  not  an  nncestrnl  form  at  all. 

^  Claus  i<p}N'arH  to  consider  it  doubtful  whether  the  Malacostracan  gills  can  hr 
compiirrd  with  tlie  ri)yllo]KMl  gill-pouches. 

*  t'act»  for  Ihiruin,  p.  V.K 
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gathered  from  the  following  passage.  After  assuming  that  none  of  the 
existing  Zosea  types  could  have  been  adult  animals,  he  says — **  Much  more 
*'  probably  the  process  of  alteration  of  the  metamorphofds,  which  the  Mala- 
'^costracan  phylum  underwent  in  the  course  of  time  and  in  conjunction 
*^with  the  divergence  of  the  later  Malacostracan  groups,  led  secondarily 
''to  the  three  different  Zoaea  configiirations  to  which  probably  later 
''modifications  were  added,  as  for  instance  in  the  young  form  of  the 
"  Cumaceae.  We  might  with  the  same  justice  conclude  that  adult  Insects 
"  existed  as  caterpillars  or  pupse  as  that  the  primitive  form  of  the  Malaco- 
"  straca  was  a  Protozosea  or  Zotea." 

Granting  Glaus'  two  main  positions,  viz.  that  the  Malacostraca  are 
derived  from  Protophyllopods,  and  that  the  segments  were  in  the  primary 
ancestral  forms  developed  from  before  backwards,  it  does  not  appear  im- 
possible that  a  secondary  and  later  ancestral  form  may  have  existed  with 
a  reduced  thorax.  This  reduction  may  only  have  been  pai*tial,  so  that  the 
Zoaea  ancestor  would  have  had  the  following  form.  A  large  cephalo- thorax 
and  well-developed  tail  (?)  with  swimming  appendages.  The  appendages 
up  to  the  second  pair  of  maxillipeds  fully  developed,  but  the  thorax  very 
imperfect  and  provided  only  with  delicate  foliaceons  appendages  not  pro- 
jecting beyond  the  edge  of  the  cephalo-thoracic  shield. 

Another  hypothesis  for  which  there  is  perhaps  still  more  to  be  said 
is  that  there  was  a  true  ancestral  Zosea  stage  in  which  the  thoracic 
appendages  were  completely  aborted.  Glaus  maintains  that  the  Zo«a 
form  with  aborted  thorax  is  only  a  larval  form;  but  he  would  probably 
admit  that  its  larval  characters  were  acquii'ed  to  enable  the  larva  to  swim 
better.  If  this  much  be  admitted  it  is  not  easy  to  see  why  an  actual 
member  of  the  ancestral  series  of  Gnistacea  should  not  have  developed 
the  Zotea  peculiarities  when  the  mud-dwelling  habits  of  the  Phyllopod 
ancestors  were  almndoned,  and  a  swimming  mode  of  life  adopted.  This 
view,  which  involves  the  supposition  that  the  five  (or  six  including  the 
third  maxillipeds)  thoracic  appendages  were  lost  in  the  adult  (for  they 
may  be  supposed  to  have  been  retained  in  the  larva)  for  a  series  of 
generations,  and  reappeared  again  in  the  adult  condition,  at  a  later  period, 
may  at  first  sight  appear  very  improbable,  but  there  are,  especially  in 
the  larval  history  of  the  Stomatopoda,  some  actual  facts  which  receive 
their  most  plausible  explanation  on  this  hypothesis. 

These  facts  consist  in  cases  of  the  actual  loss  of  appendages  during 
development,  and  their  subsequent  reappearance.  The  two  moat  striking 
cases  are  the  following. 

1.  In  the  Erichthus  form  of  the  Squilla  larva  the  appendages  corre- 
sponding to  the  third  pair  of  maxilli|)eds  and  first  two  pairs  of  ambulatory 
appendages  of  the  Decapoda  are  developed  in  the  Protozoaea  stage,  but 
completely  aborted  in  the  Zosea  stage,  and  subsequently  redeveloped. 

2.  In  the  case  of  the  larva  of  Sergestes  in  the  passage  from  the 
Acanthosoma  (Mysis)  stage  to  the  Mastigopus  stage  the  two  hindermost 
thoracic  apiiendages  become  atrophied  and  redevelop  again  later. 

Both  of  these  cases  clearly  fit  in  very  well  with  the  view  that  there 
was  an  actual  period  in  the  history  of  the  Malacostraca  in  which  the 
ancestors  of  the  present  forms  were  without  the  appendages  which  are 
aborted  and  redeveloped  again  in  these  larval  forms.  Glaus'  hypothesis 
affords  no  explanation  of  these  remarkable  cases. 
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It  is  however  always  possible  to  maintain  that  the  loss  and  reappearance 
of  the  appendages  in  these  cases  may  have  no  ancestral  meaning ;  and  the 
abortion  of  the  first  pair  of  maxillipeds  and  reduction  of  some  of  the  other 
appendages  in  the  case  of  the  Loricata  is  in  favour  of  this  explanation. 
Similar  examples  of  the  abortion  and  reappearance  of  appendages,  which 
cannot  be  explained  in  the  way  attempted  above,  are  affonled  by  the  Mites 
and  also  by  the  Insects,  e,g.  Bees. 

On  the  other  hand  there  is  almost  a  conclusive  indication  that  the  loss 
of  the  appendages  in  Sergestes  has  really  the  meaning  assigned  to  it^  in 
that  in  the  allied  genus  Leucifer  the  two  appendages  in  question  are 
actually  absent  in  the  adult,  so  that  the  stage  with  these  appendages 
absent  is  permanently  retained  in  an  adult  form.  In  the  absence  of  the 
mandibular  palp  in  all  the  Zoiea  forms,  its  actual  atrophy  in  the  Penaeus 
Zoa^  and  its  universal  reappearance  in  adult  Malacostraca,  are  cases  which 
tell  in  favour  of  the  above  explanation.  The  mandibular  palp  is  per- 
manently absent  in  Phyllo|K)ds,  which  clearly  shews  that  its  absence  in 
the  Zofea  stage  is  due  to  the  retention  of  an  ancestral  peculiarity,  and 
that  its  reappearance  in  the  adult  forms  was  a  late  occurrence  in  the 
Malacostracan  history. 

The  chief  obWous  difficulty  of  this  view  is  the  redevelopment  of  the 
thoracic  feet  after  their  disap])earance  for  a  certain  number  of  generationa 
The  possibility  of  such  an  occurrence  appears  to  me  however  clearly  demon- 
strated by  the  case  of  the  mandibular  {lalp,  which  has  undoubtedly  been 
reacquired  by  the  Malacostraca,  and  by  the  case  of  the  two  last  thoracic 
ap|)endages  of  Sergestes  just  mentioned.  The  al>ovo  difficulty  may  be 
diminished  if  we  suppose  that  the  larvae  of  the  Zosea  ancestors  always 
develo|)ed  the  appendages  in  question.  Such  appendages  might  first  only 
imrtially  atrophy  in  a  particular  Zoa^a  form  and  then  gradually  come  to 
be  functional  again  ;  so  that,  as  a  form  with  functional  thoracic  limlw 
came  to  l>e  develoi)ed  out  of  the  Zoa^a,  wc  should  find  in  the  larval  history 
of  this  form  that  the  limbs  were  develoi>ed  in  the  pre-zoieal  lar\7il  stages, 
partially  atrophied  in  the  Zocea  stage,  and  redevelopeil  in  the  adult.  Fr«»m 
this  condition  it  would  not  be  difficult  to  ]>ass  to  a  further  one  in  which 
the  development  of  the  thoracic  limbs  became  deferred  till  after  the  Zotta 
stage. 

The  g(*ncral  arguments  in  favour  of  a  Zon>a  ancestor  with  partially  or 
completely  aborted  thoracic  ai>i)endage8  having  actually  existed  in  the  {last 
api>ear  to  me  very  |K)werful.  In  all  the  Malacostracan  groups  in  which 
the  larva  leaves  the  ogg  in  an  im{ierf(H;t  form  a  true  Zoit*a  stage  is  found. 
That  the  forms  of  these  Zoa^e  should  ditfer  considerably  is  only  what 
might  l>e  ex|NKrt4H],  considering  that  they  lead  a  free  existence  and  are 
liable  to  Im;  acted  u|>on  by  natural  selection,  and  it  is  prol»able  that  none 
of  thi>«o  at  present  existing  clos<»ly  resiMuble  the  ancestral  form.  The 
spin<>H  from  their  car«(i>ace,  which  vary  so  much,  were  probably  originally 
develo|»e<l,  as  sugp;<wtiHl  by  Fritz  MUllor,  as  a  means  of  defence.  The 
simplicity  of  the  heart — so  <lifferent  from  that  of  Phyllopods — in  most 
fonns  of  Zoa*a  is  a  difficulty,  but  the  retluction  in  the  length  of  the  heart 
may  very  prolmbly  Ihj  a  sectmdary  modification  ;  the  primitive  condition 
\w\\\)l  n>tain(*d  in  the  Squilla  Z<>»>a.  In  any  case  tluH  difficulty  is  not 
gn*iit4'ron  the  hy|M>thcxis  of  the  Zoiea  l>eing  an  ancestral  form,  than  on  that 
of  its  Ixnng  a  purely  larval  one. 
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The  points  of  agreement  in  the  number  and  character  of  the  appendages, 
form  of  the  abdomen,  etc.  between  the  various  types  of  Zoaea  appear  to  me 
too  striking  to  be  explained  in  the  manner  attempted  by  Clans.  It 
seems  improbable  that  a  peculiarity  of  form  acquired  by  the  larva  of  some 
ancestral  Malacostracan  should  have  been  retidned  so  permanently  in  so 
many  groups^ — more  permanently  indeed  than  undoubtedly  ancestral  forms 
like  that  of  Mysis — and  it  would  be  still  more  remarkable  that  a  Zosea 
form  should  have  been  two  or  more  times  independently  developed. 

There  are  perhaps  not  sufficient  materials  to  reconstruct  the  characters 
of  the  Zoa^  ancestor,  but  it  probably  was  provided  with  the  anterior  ap- 
pendages up  to  the  second  pair  of  maxillipeds,  and  (])  with  abdominal  swim- 
ming feet.  The  heart  may  very  likely  have  been  many-chambered.  Whether 
gill  pouches  were  present  on  the  maxillipeds  and  abdominal  feet  does  not 
appear  to  me  capable  of  being  decided.  The  carapace  and  general  shape 
were  probably  the  same  as  in  existing  Zoteas.  It  must  be  left  an  open 
que^ition  whether  the  six  hindermost  thoracic  appendages  were  absent  or 
only  very  much  reduced  in  size. 

On  the  whole  then  it  may  be  regarded  as  probable  that  the  Mala- 
costraca  are  descended  from  Protophyllopod  forms,  in  which,  on  the 
adoption  of  swimming  habits,  six  appendages  of  the  middle  region  of  the 
body  were  reduced  or  aborted,  and  a  ZosBa  form  acquii'cd,  and  that  sub- 
sequently the  lost  appendages  were  redeveloped  in  the  descendants  of  these 
forniH,  and  have  finally  become  the  most  typical  ap{>endages  of  the.  group. 

The  relationship  of  the  various  Malacostracan  groui)s  is  too  difficult  a 
subject  to  be  discussed  here,  but  it  seems  to  me  most  likely  that  in  addition 
to  the  groups  with  a  Zosea  stage  the  Edriophthalmata  and  Oumacese  are  also 
]>08t-zoapal  ibrms  which  have  lost  the  Zoa^a  stage.  Nobalia  is  however  very 
probably  to  be  regarded  as  a  prse-zoaeal  form  which  has  survived  to  the 
pre.sent  day;  and  one  might  easily  fancy  that  its  eight  thin  thoracic 
segments  with  their  small  Phyllopod-like  feet  might  become  nearly 
aborted. 

Copepoda.  The  Oopepoda  certainly  appear  to  have  diverged  very 
early  from  the  main  stem,  as  is  shewn  by  their  simple  biramous  feet  and 
the  retention  of  the  median  eye  as  the  sole  organ  of  vision.  It  may  be 
argued  that  they  have  lost  the  eye  by  retrogressive  changes,  and  in  favour 
of  this  view  cases  of  the  Pontellidse  and  of  Argulus  may  be  cited.  It  is 
however  more  tlian  doubtful  whether  the  lateral  eyes  of  the  Pont^llidffi 
are  related  to  the  compound  Phyjlopod  eye,  and  the  affinities  of  Argulus 
are  still  uncertain.  It  would  moreover  be  a  great  pai*adox  if  in  a  large 
group  of  Crustacea  the  lateral  eyes  had  been  retained  in  a  parasitic  form 
only  (Argulus),  but  lost  in  all  the  free  forms. 

Cirripedia*  The  Cirripedia  are  believed  by  Claus  to  belong  to 
the  same  phylum  as  the  Copepoda.  This  view  does  not  appear  to  be 
completely  borne  out  by  their  larval  history.  The  Nanplius  differs  very 
markedly  from  that  of  the  Copepoda,  and  tliis  is  still  more  true  of  the 
Cypris  stage.  The  Copepod-like  ajipendages  of  this  stage  are  chiefly  relied 
upon  to  support  the  above  view,  but  this  form  of  appendage  was  probably 

^  A  secondary  larval  form  is  less  likely  to  be  repeated  in  development  than  an 
ancestral  adult  stage,  because  there  is  always  a  strong  tendency  for  the  former,  which 
is  a  secondarily  intercalated  link  in  the  chain,  to  drop  out  by  the  occurrence  of  a 
reversion  to  the  original  type  of  development. 
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wry  priroitiTe  and  general,  and  the  number  (without  taking  into  considera- 
tion the  doubtful  case  of  Ctyptophialua)  does  not  coTTes|>ond  to  that  in 
Copepoda.  On  the  other  hand  the  j^ited  eyea  and  the  bivalve  shell 
form  great  difficulties  in  the  wa.j  of  Claun'  view.  It  id  clear  that  the 
Cypria  stage  represents  more  or  less  cloBely  an  anceatral  form  of  the 
Cirripedia,  and  that  both  the  large  bivalve  shell  and  the  com|>ound  eyes 
were  ancestral  characters.  These  characters  would  seem  incom]«tilile 
with  Copepod  affinities,  but  point  to  the  independent  derivation  of  tho 
Cirripedia  from  some  early  bivalve  Fhyllopod  form. 

OstracocUL  The  independent  origin  of  the  Ostraconja  from  the  main 
Crustacean  stem  seems  probable.  Claus  [>oints  out  that  the  Ostraooda 
present  by  no  means  a  simple  organisation,  and  concludes  that  they  were 
not  descended  from  a  form  with  a  more  complex  organisation  and  a  larger 
nnmher  of  appendages.  Some  simplifications  have  however  undoul>t«dly 
token  place,  as  the  loss  of  the  heHrt,  and  of  the  compound  eyes  in  many 
forms.  These  simplifications  are  probably  to  be  explained  (as  is  done  by 
Claus)  OS  adaptations  due  to  the  small  size  of  body  and  its  enclosure  in  a 
thick  bivalve  shell.     Although  Claus  is  strongly  opposed  to  the  view  that 
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Fid.  2S7.    FiniiBss  iLLCsTaiTiKO  Tns  i 
alter  Bviclicnbacfa,) 

A.  S(«ti<>ii  tlirough  part  of  the  ovnni  doriDg  Hogmentatioa.  n.  nuclei;  N-.y.  white 
yolk;  y.p.  ,vulk  p^rainidB;  f.  crutisl  .volk  maiw. 

B  anil  C.  Ltinftituiliual  leclionii  duriufi  the  (faiitnila  Msjie.  a,  archcnt^ron ;  b.  blaa- 
tnpore;  mt.  mvaoblaHt;  re.  cpiblut;  m.  hjixMinl  dihtiiiKuiiilied  bum  epibli^  by 
■hadiuff. 

D.  HiRhlj'  mscnifii'il  view  ut  tbi^  anterior  lip  nf  blaiitoporc  to  rhci  the  origin  of 
(he  primary  mcnoblaHt  from  thu  wall  uf  tLu  arcbenleron.  p.mi.  Jirimarj  meaoblaal' 
tt.  e]iibla"t;  m.  hv]x>blA>it. 

E.  Two  hvpoblBHt  cpIIh  to  sbcw  the  unti'lis-likc  absorption  of  yolk  sphereii. 
y.  yulk;  n.  nni-li!U»;  ji.  |WfUil<.poiii»l  iirotchn. 

F.  HypiiblaM  cclU  giving  rise  cudc^L-nouiily  tu  llio  Hcooodary  mesublaat  ((.nu.i. 
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the  number  of  the  appendages  has  been  reduced,  yet  the  very  fact  of 
the  (in  some  respects)  complex  organisation  of  this  group  might  seem  to 
indicate  that  it  cannot  have  diverged  from  the  Phyllopod  stem  at  so 
early  a  stage  as  (on  Claus'  view  of  the  Nauplius)  would  seem  to  be  im- 
plied by  the  very  small  number  of  appendages  which  is  characteristic  of 
it,  and  it  therefore  appears  most  probable  that  the  present  number  may  be 
smaller  than  that  of  the  ancestral  forms. 

The  formation  of  the  germinal  layers. 

The  formation  of  the  germinal  layers  has  been  more  fully 
studied  in  various  Malacostraca,  more  especially  in  the  Decapoda, 
than  in  other  groups. 

Decapoda.  To  Bobretzky  (No.  472)  is  due  the  credit  of  having 
been  the  pioneer  in  this  line  of  investigation ;  and  his  researches 
have  been  followed  up  and  enlarged  by  Haeckel,  Reichenbach 
(No.  488),  and  Mayer  (No.  482).  The  segmentation  is  centro- 
lecithal  and  regular  (fig.  237  A).  At  its  close  the  blastoderm  is 
formed  of  a  single  uniform  layer  of  lens-shaped  cells  enclosing  a 
central  sphere  of  yolk,  in  which  as  a  rule  all  trace  of  the  division 
into  columns,  present  during  the  earlier  stages  of  segmentation,  has 
disappeared;  though  in  PaJa^mon  the  columns  remain  for  a  long 
period  distinct.  The  cells  of  the  blastoderm  are  at  first  uniform, 
but  in  Astacus,  Eupagurus,  and  most  Decapoda,  soon  become  more 
columnar  for  a  small  area,  and  form  a  circular  patch.  The  whole 
patch  either  becomes  at  once  invaginated  (Eupagurus,  Palsemon, 
fig.  239  A)  or  else  the  edge  of  it  is  invaginated  as  a  roughly  speaking 
circular  groove  deeper  anteriorly  than  posteriorly,  within  which 
the  remainder  of  the  patch  forms  a  kind  of  central  plug,  which  does 
not  become  invaginated  till  a  somewhat  later  period  (Astacus, 
fig.  237  B  and  C).  After  the  invagination  of  the  above  patch  the 
remainder  of  the  blastoderm  cells  form  the  epiblast. 

The  invaginated  sack  appears  to  be  the  archenteron  and  its 
mouth  the  blastopore.  The  mouth  finally  becomes  closed*,  and  the 
sack  itself  then  forms  the  mesenteron. 

In  Astacus  the  archenteron  gradually  grows  forwards,  its  opening 
is  at  first  wide,  but  becomes  continuously  narrowed  and  is  finally 
obliterated.  Very  shortly  after  this  occurrence  there  is  formed, 
slightly  in  front  of  the  point  where  the  last  trace  of  the  blasto- 
pore was  observable,  a  fresh  epiblastic  invagination,  which  gives 
rise  to  the  proctodseum,  and  the  opening  of  which  remains  as 
the  definite  anus.  The  proctodeum  (fig.  238  A,  hg)  is  very  soon 
placed  in  communication  with  the  mesenteron  {mg).  The  stomo- 
(laeum  {fg)  is  formed  during  the  same  stage  as  the  proctoda^um. 
It  gives  rise  to  the  oesophagus  and  stomach.  The  hypoblast  cells 
which   form   the  wall   of  the   archenteron  grow   with   remarkable 

^  Bobretzky  first  stated  that  the  invagination  remained  open,  bnt  subsequently 
corrected  himself.     Zeit,  /.  Win.  ZooL,  Bd.  xxiv.  p.  186. 
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rapidity  at  the  expeDse  of  the  yolk ;  the  spherules  of  which  tbey 
absorb  oaA  digest  in  aD  amceba-liKe  fashioo  by  means  of  their  pseudo- 
podia.  They  become  longer  and 
longer,  and  nnally,  after  afasorbiog 
the  whole  yolk,  acquire  a  form 
almost  exactly  similar  to  that  of 
the  yolk  pyramids  during  segmen- 
tation (fig.  238  B).  They  enclose 
the  cavity  of  the  mesenteron,  and 
their  nuclei  and  protoplasm  are 
situated  externally.  Tlie  cells  of 
the  mesenteron  close  to  its  junction 
with  the  pructodteuni  ditfer  from 
those  elsewliere  in  being  nearly 
flat. 

In  Palsemon  (Bobretzky)  the 
primitive  invagination  (fig.  239  A) 
has  far  smaller  dimensions  than  in 
Astaciis,  ami  appears  before  the 
blaatodenn  cells  have  separated 
from  the  yolk  pyramids.  The  cells 
which  are  situated  at  the  bottom 
of  it  pass  into  the  yolk,  increase 
I  number,  and  absorb  the  whole 


Flo.  238.     Tirn 
TioMB  or  TnK  EVBiiTo  ot  Abtuus.  (Frum 
Fwker;  after  Ikibrclzkj.) 


yolk,  forming  a  sulid  mass  of  hypu- 
bln      "        '     ■     ■ 


bln»t  in  which  the  outlines  of  the 
individual  cells  would  seem  at  (irst 
.  Kaii)>tiaii  HtAKc  B.  Stage  >fter  not  to  be  distinct,  llie  blast opor>i 
Uie  Uyr.>lUKt  cells  have  absorbtKl  tlio  j„  thg  ,„eiiu  ti,„^  becomes  closed, 
(uod  Tiilk.   The  Tpntral  Hurface  !■  tnmoa     r,  r   .i  i   ■ 

npw»nli     }g.  atomod««m;    kg.  proct.^      S.rtnO    of    thc    niicloi    nOW    I>aSS    Ui 

dwnm:  an,  anun;  «.  muaih;  rag. mo-    the  jicriphery  of  the  yolk    mass; 
•euteron;   abd.  Klidumcu;  ft.  Leart.  the    Cells     al)lK;rtaining    to    them 

gradually  become  distinct  and  as- 
Biinie  a  pyramidal  form  (fig.  23!t  B,  hy],  the  inner  ends  of  the 
cells  losing  themselves  in  a  central  ma.sK  of  yolk,  in  the  interior  of 
which  nuclei  are  at  tirKt  present  but  soim  disappear.  The  mosenti'ron 
thus  becomes  constituteil  of  a  layer  of  pynimidal  coils  which  mt'i^e 
into  a  wntral  mass  of  yolk.  Some  of  the  hypoblast  wlls  adjniuing 
thc  junction  of  the  proctudn'um  and  nicseiiteron  l>ecomc  fiiitteiied, 
and  in  the  nt;ighbuurhoo<l  of  these  cells  n  lumen  first  appears.  Thc 
stomodanim  aii<l  proctothi'um  are  formed  as  in  Astacus.  Fig.  23l>  B 
shews  the  relative  positions  of  the  proctodieum,  stoniiKhi-tim, 
an<l  mest^'ntcnm.  Although  the  process  of  formation  of  the  hypoblast 
and  museutinm  is  es.tentially  tlie  same  in  Astaciis  and  Pala;mon, 
yet  the  dirtereuccs  between  these  two  forms  are  very  interesting, 
in  that  the  yiilk  is  erternal  to  the  mesenteron  in  Astacns,  but  en- 
clujiefl  iritliiii  it  in  I'alu'inon.  This  ilifl'ercnce  in  the  position  of  the 
yolk  is  rendered  possible  by  the  fact  that  the  invaginatcd  hypoblast 
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cells  in  Palienaon  do  not.  at  first,  form  a  coDtiniious  layer  encloaing 
a  central  cavity,  while  they  do  so  in  Astaciis. 


r    PUuBKOK   aiKN    IN    SeCTlOM. 

(After  BobiGtzkf.) 

A .  OaBtrola  stage. 

B.  Longitadinsl  sectioa  thTongb  a  Iftte  st&ge.  hy.  hTpoblaat;  tg,  supra- ceBoph&- 
geal  ({ongliou ;  c^.  venti&l  □arveooTd;  hd.  proctodlBOm  i  »t.  Blamodaiuiii. 

The  mesoblast  appears  to  be  formed  of  celb  budded  off  from  the 
anterior  wall  of  the  archeutcron  (Aatacus,  fig.  237  D),  or  from  its 
hitend  walls  generally  (Paliemon).  They  make  their  first  appearance 
soon  after  the  invagination  of  the  hypoblacit  has  conimt^uced.  The 
mesoblast  cells  are  at  first  spherical,  and  gradually  spread,  especially 
in  an  anterior  direction,  from  their  point  of  origin. 

According  to  Beiclienbaoh  there  are  fomied  in  Astncus  at  the  NaupIiUB 
Btat,'o  a  numlxBr  of  pecuUar  cella  which  he  speaks  of  as  'secondary  mesoblast 
cells.'  Hia  account  is  not  very  clear  or  satisfactory,  but  it  ajipears  that 
they  originate  (iig.  237  F)  in  the  hypoblast  cells  by  a  kind  of  widogenoua 
growth,  and  though  they  have  at  first  cerlaiu  peculiar  characters  they  soon 
become  iudistinguiahable  from  tlie  remaining  mesohloat  cells. 

Towards  the  end  of  the  Nauplius  period  the  secondary  mesoblast  cells 
aggregate  themselveB  into  a  rod  close  to  the  cpiblast  in  the  median  ventral 
line,  and  even  bifurcate  round  the  mouth  and  ejct«'nd  forwards  to  the 
extremity  of  the  prowphaJic  lobes.  This  rod  of  cells  very  soon  vaniaheB, 
and  the  secondary  mesoblast  cells  become  indistinguishable  from  the 
primary.  Reichenbach  believeji,  on  not  very  clear  evidence,  that  these 
cells  have  to  do  with  the  formation  of  the  blood. 

General  form  of  the  body.  The  ventral  thickeuing  of  epiblast  or 
ventral  plate,  continuous  with  the  invaginated  patch  already  men- 
tioned, forms  the  first  indication  of  the  embryo,  It  is  at  first  oval, 
but  sooD  becomes  eloiigaled  and  extended  anteriorly  into  two  lateral 
lobes — the  procepbalic  lobes.  Its  bilateral  symmetry  is  further  in- 
dicated by  a  median  longitudinal  furrow.  The  posterior  end  of  the 
ventral  plate  uext  becomes  raised  into  a  distinct  lobe — the  abdomen — 
which  in  Astacua  at  first  lies  in  froTit  of  the  still  open  blastopore. 
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This  lobe  rapidly  grows  in  size,  and  at  its  extremity  is  placed  the 
narrow  anal  opening.  It  soon  forme  a  well-marked  abdomeo  bent 
forwards  over  the  region  in  front  (figs.  230  B,  and  240  A  and  B). 
Its  early  development  as  a  distinct  outgrowth  causes  it  to  bo  with- 
out yolk;  and  so  to  contrast  very  forcibly  with  the  anterior  thoracic 
and  cephalic  regions  of  the  body.  In  most  cases  this  process  corre- 
sponds to  the  fnture  abdomen,  but  in  some  cases  (Loricata)  it  appears 
to  include  part  of  the  thorax.  Before  it  has  reached  a  considerable 
development,  three  paiiB  of  appendages  spring  from  the  region  of 
the  head,  viz.  two  pairs  of  antennae  and  the  mandibles,  and  iuaugu- 
rate  a  so-called  Nauplius  stage  (fig.  240  A).  These  three  appendages 
are  formed  nearly  simultaneously,  hut  the  hindcrjnost  appears  to 
become  visible  slightly  before  the  two  others  (Bobretzkv).  The 
mouth  lies  slightly  behind  the  anterior  pair  of  antennie,  but  distinctly 
in  front  of  the  pdsterior  pair.  The  other  appendages,  the  number  of 
which  at  the  time  of  hatching  varies  greatly  in  the  different 
Decapods  {vide  section  on  larval  development),  sprout  in  succession 
&om  before  backwards  (Bg.  210  B).     The  food  yotk  in  the  bead  and 


FlO.  SiO.      Two  BTjUIES  m  TBE  DETELOPHKNT  op  Pj>t«UI«!l. 

A,     Sanpliim  Ktatio. 

U.  RUkb  with  riRl't  F^'m  o(  appenilftgea.  op.  cymi  el',  and  aP.  firnt  and  n^cnnd 
mntennn;  nul,  niandibtw;  meH,  mz'.  first  aod  Moond  uiaiiUs;  mij^.  Uiiid  m&xilliped«; 
lb.  upper  lip. 

thoracic  region  gradually  becomes  reduced  in  quantity  with  the 
growih  of  tlie  embryo,  and  by  the  time  of  hatching  the  disparity  in 
size  between  the  thorax  and  abdomen  has  ceased  to  exist. 

Isopoda.  The  early  embryonic  phases  of  the  Isopoda  have  boeo 
studied  by  means  of  sections  by  Bohretzky  (No.  498)  and  Bullar 
(No.  499)  and  have  been  found  to  present  considerable  variatitins. 
When  laiil  the  egg  is  enclosed  in  a  cliorion,  but  shortly  after  the 
cumnicncemeut  of  si-gmentation  (VA.  vnn  Beneden  and  BuUar)  a 
sooDnd  membrane  appears,  which  ia  probably  of  the  nature  of  a 
larva)  membrane. 

In  all  the  forms  the  segmentation  is  fillowed  by  the  fi)rmation  of 
a  blastoderm,  completely  enclosing  the  yollc,  Hn<l  thickened  along  an 
area  which  will  become  the  ventral  surface  of  the  embryo.     In  this 
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area  the  blastoderm  is  formed  of  at  least  two  layers  of  cells — an 
external  columnar  epiblast,  and  an  internal  layer  of  scattered  cells 
which  form  the  mesoblast  and  probably  in  part  also  the  hypoblast 
(Oniscus,  Bohretzky;  Cymothoa,  BiMar). 

In  Asellus  aquations  there  is  a  control ecithal  segmentation, 
ending  in  the  formation  of  a  blastoderm,  which  appears  first  on  the 
ventral  surface  and  subsequently  extends  to  the  dorsal. 

In  Oniscus  murarius,  and  Cymothoa  the  segmentation  is  partial 
[for  its  peculiarities  and  relationship  vide  p.  99]  and  a  disc,  formed  of 
a  single  layer  of  cells,  appears  at  a  pole  of  the  egg  which  corresponds 
to  the  future  ventral  surface  (Bohretzky).  This  layer  gradually  grows 
roimd  the  yolk  partly  by  division  of  its  cells,  though  a  formation  of 
fresh  cells  from  the  yolk  may  also  take  place.  Before  it  has  extended 
far  round  the  yolk,  the  central  part  of  it  becomes  two  or  more 
layers  deep,  and  the  cells  of  the  deeper  layers  rapidly  increase  in  num- 
ber, and  are  destined  to  give  rise  to  the  mesoblast  and  probably  also 
to  part  or  the  whole  of  the  hypoblast.  In  Cymothoa  this  layer  does 
not  at  first  undergo  any  important  change,  but  in  Oniscus  it  becomes 
very  thick,  and  its  innermost  cells  (Bohretzky)  become  imbedded  in 
the  yolk,  which  they  rapidly  absorb;  and  increasing  in  number 
first  of  all  form  a  layer  in  the  periphery  of  the  yolk,  and  finally  fill  up 
the  whole  of  the  interior  of  the  yolk  (fig.  241  A),  absorbing  it  in  the 
process. 

It  appears  possible  that  these  cells  do  not,  as  Bohretzky  believeSy 
originate  from  the  blastoderm,  but  from  nuclei  in  the  yolk  which  have 
escaped  his  observation.  This  mode  of  origin  would  be  similar  to  that 
by  which  yolk  cells  originate  in  the  eggs  of  the  Insecta,  etc.  If  Bobretzky's 
account  is  correct  we  must  look  to  Palsemon,  as  he  himself  suggests,  to 
find  an  explanation  of  the  ])a88age  of  the  hypoblast  cells  into  the  yolk. 
The  thickening  of  the  primitive  germinal  disc  would,  according  to  this 
view,  be  equivalent  to  the  invagination  of  the  archcnteron  in  Astacus, 
Paltemon,  etc. 

Whatever  may  be  the  origin  of  the  cells  in  the  yolk  they  no  doubt 
correspond  to  the  hypoblast  of  other  types.  In  Cymothoa  nothing 
similar  to  them  has  been  met  with,  but  the  hypoblast  has  a  somewhat 
different  origin;  being  apparently  formed  from  some  of  the  indifferent 
cells  below  the  epiblast,  which  collect  as  a  solid  mass  on  the  ventral 
surface,  and  then  divide  into  two  masses  which  become  hollow  and 
give  rise  to  the  liver  csBca.  Their  fate,  as  well  as  that  of  the  hypo- 
blast in  Oniscus,  is  dealt  with  in  connection  with  the  alimentary  tract. 
The  completion  of  the  enclosure  of  the  yolk  by  the  blastoderm  takes 
place  on  the  dorsal  surface.  In  all  the  Isopods  which  have  been 
carefully  studied,  there  appears  before  any  other  organ  a  provisional 
structure  formed  from  the  epiblast  and  known  as  the  dorsal  organ. 
An  account  of  it  is  given  in  connection  with  the  development  of  the 
organs.  The  general  external  changes  undergone  by  the  larva  in  its 
development  are  as  follows.  The  ventral  thickened  area  of  the 
blastoderm  (ventral  plate)  shapes  itself  and  girths  nearly  the  whole 
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circumference  of  tie  omni  in  Oniscus  (fig.  241  A)  but  is  relativeJy 
much  shorter  in  Cyruothoa.  Anteriorly  it  dilates  into  tlie  two  pro- 
cephalic  lobes.  In  Cymothon,  it  next  becomes  segmented;  and  the 
anterior  segments  are  formed  nearly  simultaneously,  and  those  of  the 
abdomen  somewhat  later.     At  the  same  time  a  median  depression 


Via.  211.        Two  LONQITDIIIKAL  BKCTIOKB  TOBOUon  TBB  BMUBVO  OF  OUtBCFB  MCKUtCH 

(After  Bobrelzky.) 

fl.  BtomiHlasmD :  pr.  prootodnnm ;  hy,  bypoblaat  funned  of  large  iiiiole*t«4  »«-i>t 
imbedded  in  the  jolk;  m.  mesoblast;  vg,  lentral  nerve  cord;  ig.  snprs-tBflophMMl 
ganglion;  (i.  Utbt;  do.  dorsal  organ;  tp.  lodiment  of  maBtioatory  appusliu;  oi,  niiii n 
Up. 

appears  dividing  the  blastodenn  longitudinally  into  two  halves.  The 
appendages  are  formed  later  than  their  segments,  and  the  vhole  of 
them  are  formed  nearly  simultaneously,  with  the  exception  of  the  laat 
thoracic,  which  does  not  ap{>ear  till  comparatively  late  after  the 
batching  of  the  embryo.  The  late  development  of  the  seventh 
thoracic  segment  and  appendage  is  a  feature  common  to  the  majority 
of  the  Ifiopotla  (Fritz  IdUller).  In  Oniscus  the  limbs  are  formed  in 
nearly  the  same  way  as  in  Cymothoa,  but  in  Asellus  they  do  not  arise 
quite  simultaneously,  thirst  of  all,  the  two  antenna  and  mandiblcB 
(the  future  palp)  appear,  inaugurating  a  stage  often  spoken  of  aa  the 
Nauplius  stage,  which  is  supposed  to  correspond  with  the  free  Nauplins 
stage  of  Penseus  and  Euphausia.  At  this  stage  a  cuticle  is  shed  (Van 
Beneden)  which  remains  as  an  envelope  surrounding  the  larva  till 
the  time  of  hatching.  Similar  cuticular  envelopes  are  formed  in 
many  Isopoda.  Subsequently  the  appendages  of  the  thorax  appear, 
and  finally  those  of  the  abdomen.  Later  than  the  appendages  thero 
arise  behind  the  mouth  two  prominences  which  resemble  appendages, 
but  give  rise  to  a  bilobed  lower  Hp  (Dohm). 

In  Asellus  and  OuLscus  the  ventral  plate  moulds  itself  to  the  shape 
of  the  egg,  and  covers  the  greater  part  of  the  dorsal  as  well  as  of  the 
ventral  side  (fig.  241  A).  As  a  result  of  this  tlie  ventral  surface  of  the 
embryo  is  throughout  convex ;  and  in  Asellus  a  deep  fold  appeara  on 
the  back  of  the  embryo,  so  that  the  embryo  appears  coileii  up  within 
the  egg  with  its  ventral  side  outwards  and  its  head  and  tail  io  contact. 
In  OmscuB  the  ventral  surface  is  convex,  but  the  dorsal  surface  is 
never  bent  in  as  in  Asellus.    In  Cymothoa  the  egg  is  very  big  and  the 
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ventral  plate  does  not  extend  nearly  so  far  round  to  the  dorsal  side 
as  in  Asellus,  in  consequence  of  which  the  ventral  surface  is  not  nearly 
so  convex  as  in  other  Isopoda.  At  the  same  time  the  telson  is  early 
formed,  and  is  bent  forwards  so  as  to  lie  on  the  under  side  of  the  part 
of  the  blastoderm  in  front.  In  having  this  ventral  curvature  of  the 
telson  Cymothoa  forms  an  exception  amongst  Isopods ;  and  in  this 
respect  is  intermediate  between  the  embryos  of  Asellus  and  those  of 
the  Amphipoda. 

Amphipoda.  Amongst  the  Amphipoda  the  segmentation  is 
usually  centrolecithal.  In  the  case  of  Gammarus  locusta  (Ekl.  van 
Beneden  and  Bessels,  No.  503)  it  commences  with  an  unequal 
but  total  segmentation  like  that  of  the  Frog  (vide  p.  80),  and  the 
separation  of  a  central  yolk  mass  is  a  late  occurrence ;  and  it  is 
noticeable  that  the  part  of  the  egg  with  the  small  segments  event- 
ually becomes  the  ventral  surface.  In  the  fresh-water  species  of 
Gammarus  (G.  pulex  and  fluviatilis)  the  segmentation  is  more  like 
that  of  Insects ;  the  blastoderm  cells  being  formed  nearly  simultane- 
ously over  a  large  part  of  the  surface  of  the  egg. 

Both  forms  of  segmentation  give  rise  to  a  blastoderm  covering 
the  whole  egg,  which  soon  becomes  thickened  on  the  ventral  surface. 
There  is  formed,  as  in  the  Isopoda,  a  larval  membrane  at  about  the 
time  when  the  blastoderm  is  completed.  Very  soon  after  this  the 
egg  loses  its  spherical  shape,  and  becomes  produced  into  a  pointed 
extremity — the  future  abdomen — which  is  immediately  bent  over  the 
ventral  surface  of  the  part  in  front.  The  ventral  curvature  of  the 
hinder  part  of  the  embryo  at  so  early  an  age  stands  in  marked  con- 
trast to  the  usual  condition  of  Isopod  embryos,  and  is  only  approached 
in  this  group,  so  far  as  is  known,  in  the  case  of  Cymothoa. 

At  the  formation  of  the  first  larval  membrane  the  blastoderm 
cells  separate  themselves  from  it,  except  at  one  part  on  the  dorsal 
surface.  The  patch  of  cells  adherent  at  this  part  gives  rise  to  a 
dorsal  organ,  comparable  with  that  in  Oniscus,  connecting  the  em- 
bryo and  its  first  larval  skin.  A  perforation  appears  in  it  at  a  later 
period. 

The  segments  and  limbs  of  the  Amphipoda  are  aU  formed  before 
the  larva  leaves  the  egg. 

Cladooera.  The  segmentation  (Grobben,  No.  455)  takes  place  on  the 
normal  centrolecithal  type,  but  is  somewhat  unequal.  Before  the  close  of 
the  segmentation  there  may  be  seen  at  the  apex  of  the  vegetative  pole  one 
cell  marked  off  from  the  remainder  by  its  granular  aspect.  It  gives  rise 
to  the  generative  organs.  One  of  the  cells  adjoining  it  gives  rise  to  the 
hy])oblast,  and  the  other  cells  which  surround  it  form  the  commencement 
of  the  mesoblast  The  remaining  cells  of  the  ovum  form  the  epiblast. 
By  a  later  stage  the  hypoblast  cell  is  divided  into  thirty-two  cells  and  the 
genital  cell  into  four,  while  the  mesoblast  forms  a  circle  of  twelve  cells 
round  the  genital  masa 

The  hypoblast  soon  becomes  involuted ;  the  blastopore  probably  closes, 
and  the  hypoblast  forms  a  solid  cord  of  cells  which  eventually  becomes  the 
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mesenteron.  The  stomodieum  is  said  to  be  formed  at  the  point  of  clorare 
of  the  blastopore.  The  mesobhiflt  passes  inwards  and  forms  a  mass  ad- 
joining the  hypoblast^  and  somewhat  later  the  genital  masB  also  hecoiDes 
covert  by  the  epiblast.  The  proctodeum  appears  to  be  formed  later  than 
the  stomod»um. 

The  embryo  as  first  shewn  by  Dohm  passes  through  a  Nauplius  stage 
in  the  brood-pouch,  but  is  hatched,  except  in  the  case  of  the  winter  eggs  of 
Leptodora,  in  a  form  closely  resembling  the  adult 

Copopoda.  Amongst  the  free  Copepoda  the  segmentation  and  forma- 
tion of  the  layers  have  recently  been  investigated  by  Hoek  (Na  512).  He 
finds  that  there  is,  in  both  the  fresh- water  and  marine  forms  studied  by  bim, 
a  centrolecithal  segmentation  similar  to  that  of  Palaemon  and  Pagurus 
(vide  p.  92),  which  might  from  the  surface  be  supposed  to  be  complete  and 
nearly  regular.  After  the  formation  of  the  blastoderm  an  invagination  of 
some  of  its  cells  takes  place  and  is  completed  in  about  a  quarter  of  an  hour. 
The  opening  becomes  closed.  This  invagination  is  com{)ared  by  Hoek  to 
the  invagination  in  Astacus,  and  is  believed  by  him  to  give  rise  to  the 
mesenteron.  Its  point  of  closing  corresponds  with  the  hind  end  of  the 
embryo.  On  the  ventral  surface  there  appear  two  transverse  furrows 
dividing  the  embryo  into  three  segments,  and  a  median  longitudinal  furrow 
which  does  not  extend  to  the  front  end  of  the  foremost  segment.  The 
three  pairs  of  Nauplius  appendages  and  upper  lip  become  subsequently 
formed  as  outgrowths  from  the  sides  of  the  ventral  blastodermic  thickening. 

Amongst  the  parasitic  Copepoda  there  are  found  two  distinct  types  of 
segmentation,  analogous  to  those  in  the  l80]>oda.  In  the  case  of  Condra- 
canthus  the  segmentation  is  somewhat  irregular,  but  on  the  type  of 
Eupagurus,  etc.  {vide  p.  92).  In  the  other  group  ( Anchorella,  Clavella,  Con- 
gericola,  Caligus,  liemeopoda)  the  segmentation  nearly  resembles  the  oixiinary 
meroblastic  ty])e  {i>lde  p.  99),  and  is  to  be  explained  in  the  same  manner  as 
in  the  cases  of  Oniscus  and  Cymotlioa.  The  first  blastodermic  cells  some- 
times a]>i)oar  in  a  i)08ition  corresponding  with  the  head  end  of  the  embryo 
(AuchotellH),  at  other  times  at  the  hind  end  (Clavella),  and  sometimes  in  the 
middle  of  the  ventral  surface.  TI10  doraal  surface  of  the  yolk  is  always 
the  lat(^8t  to  be  enclosed  by  the  blastoderm  cells.  A  larval  cuticle  similar 
to  that  of  the  l80i>oda  is  formed  at  the  same  time  as  the  blastoderm.  At 
the  sides  of  the  ventral  thickening  of  the  blastoderm  there  grow  out  the 
Nauplius  ap])endage.s,  of  which  only  the  first  two  appear  in  Anchorella, 
In  Anchorella  and  Lemeopoda  the  embryos  are  not  hatched  at  the 
Nauplius  stage,  but  after  the  Nauplius  aj)i>endage8  have  been  formed 
a  fresh  cuticle — the  Nauplius  cuticle — is  shed,  and  within  it  the  em- 
bryo develops  till  it  reaches  the  so-called  Cyclops  stage  (vide  p.  407).  The 
embryo  within  the  egg  has  its  abdomen  curved  dorsalwards  as  amongst 
the  Iso|MKla. 

Cinipedia.  The  segmentation  of  Balanus  and  Lepas  commences  by 
the  segregation  of  the  constituents  of  the  o^g  into  a  more  protoplasmic 
portion,  and  a  portiim  fonned  mainly  of  food  material.  The  former  sepa- 
rates frr>m  the  latter  as  a  distinct  segment,  and  then  divides  into  two 
not  (juite  equal  ]>ortions.  The  division  of  the  protoplasmic  ]>art  of  the 
embryo  (.tmlinues,  and  the  resulting  Hegments  grow  n)und  the  single  yolk 
s<'gnient.  The  jK)int  where  they  finally  enclose  it  is  situated  on  the  ventral 
Kurface  (Jjing)  at  alntut  the  position  of  the  mouth  (?). 
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After  being  enclosed  by  the  protoplasmic  cells  tbe  yolk  divides,  and 
gives  rise  to  a  number  of  cells,  which  probably  supply  the  material  for  the 
walls  of  the  mesenteron.  The  external  layer  of  protoplasm  forms  the 
so-called  blastoderm,  and  soon  (Arnold,  Lang)  becomes  tiiickened  on  the 
dorsal  surface. 

The  embryo  is  next  divided  by  two  constrictions  into  three  segments ; 
and  there  are  formed  the  three  appendages  corresponding  to  these,  which 
are  at  first  simple.  The  two  posterior  soon  become  biramous.  The  larva 
leaves  the  egg  before  any  further  appendages  become  formed. 

Comparative  development  of  the  organs. 

Central  nervous  system.  The  ventral  nerve  cord  of  the  Crustacea 
develops  as  a  thickening  of  the  epiblast  along  the  median  ventral 
line;  the  differentiation  of  which  commences  in  front,  and  thence 
extends  backwards.  The  ventral  cord  is  at  first  unsegmented.  The 
Rupra-cesophageal  ganglia  originate  as  thickenings  of  the  epiblast  of 
the  procephalic  lobes. 

The  details  of  the  above  processes  are  still  in  most  cases  very  imper- 
fectly known.  The  fullest  account  we  have  is  that  of  Reichenbach  (No.  488) 
for  Astacus.  He  finds  that  the  supra-cesophageal  ganglia  and  ventral  cord 
arise  as  a  continuous  formation,  and  not  independently  as  would  seem  to  be 
the  case  in  Chsetopoda.  The  supra-oesophageal  ganglia  are  formed  from  the 
procephalic  lobes.  The  first  trace  of  them  is  visible  in  the  form  of  a  pair 
of  pits,  one  on  each  side  of  the  middle  line.  These  pits  become  in  the 
Nauplius  stage  very  deep,  and  their  walls  are  then  continued  into  two 
ridges  where  the  epiblast  is  several  cells  deep,  which  pass  backwards  one 
on  each  side  of  the  mouth.  The  walls  of  the  pits  are  believed  by  Reichen- 
bach to  give  rise  to  the  optic  portions  of  the  supra-cesophageal  ganglia, 
and  the  epiblastic  ridges  to  the  remainder  of  the  ganglia  and  to  the 
circum-cesophageal  commissures.  At  a  much  later  stage,  when  the  ambu- 
latory feet  have  become  formed,  a  median  involution  of  epiblast  in  front 
of  the  mouth  and  between  the  two  epiblast  ridges  gives  rise  to  a  central 
part  of  the  supnircesophageal  ganglia.  Five  elements  are  thus  believed  by 
Reichenbach  to  be  concerned  in  the  formation  of  these  ganglia,  viz.  two 
epiblast  pits,  two  epiblast  ridges,  and  an  involution  of  epiblast  between 
the  latter.  It  should  be  noted  however  that  the  fate  neither  of  the  pair 
of  pits,  nor  of  the  median  involution,  appears  to  have  lieen  satisfactorily 
worked  out.  The  two  epiblast  ridges,  which  pass  back  from  the  supra- 
oesophageal  ganglia  on  each  side  of  the  mouth,  are  continued  as  a  pair 
of  thickenings  of  the  epiblast  along  the  sides  of  a  median  ventral  groove. 
Tliis  groove  is  deep  in  front  and  shallows  out  posteriorly.  The  thickenings 
on  the  sides  of  this  groove  no  doubt  give  rise  to  the  lateral  halves  of  the 
ventral  cord,  and  the  cells  of  the  groove  itself  are  believed  by  Reichenbach, 
but  it  appears  to  me  without  sufficient  evidence,  to  become  invaginated 
also  and  to  assist  in  forming  the  ventral  cord.  When  the  ventral  cord 
becomes  separated  from  the  epiblast  the  two  halves  of  it  are  united  in  the 
middle  line,  but  it  is  markedly  bilobed  in  section. 

In  the  Isopoda  it  would  appear  both  from  Bobretzky's  and  Bullar's 
observations  that  the  venti*al  nerve  cord  arises  as  an  unjiaired  thickening 
of  the  epiblast  in  which  there  is  no  trace  of  anything  like  a  median  in- 
volntion.     After  this  thickening  has  become  separated  from  the  epiblast 
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a  tdight  median  furrow  indicates  its  constitution  out  of  two  lateral  cords. 
The  supra-iJBSophageal  ganglia  arc  stated  to  be  develiiped  quite  siiuplj  as  a 
pair  of  thickenings  of  the  procephalic  lobes,  but  whether  they  are  fruiu 
tlie  first  continuous  with  the  ventral  cord  does  not  appear  to  have  be«u 
det(;nnined. 

The  later  stages  in  the  differentiation  of  the  ventral  con!  are,  s«> 
far  as  is  known,  very  similar  throughout  the  Cnistacea.  The  ventral 
cord  is,  as  has  l)een  stated,  at  first  unse^^monted  (fig.  241  A,  1*7),  but 
soon  becomes  divided  by  a  series  of  constrictions  into  as  many  g^anglia 
as  there  are  pairs  of  appendages  or  segments  (fig.  241  B,  r^). 

There  appears  either  on  the  ventral  side  (Oniscus)  or  in  the 
centre  (Astacus,  Palaimon)  of  the  two  halves  of  each  ^g^meDt  or 
ganglion  a  space  filled  with  finely  punctated  material,  which  is  the 
commencement  of  the  commissural  portion  of  the  cords.  Tlie  com- 
missural tissue  soon  becomes  continuous  through  the  length  of  the 
ventral  cord,  and  is  also  prolonged  into  the  supra-oesophageal  ganglia. 

After  the  formation  of  the  commissural  tissue  the  remaining  cells 
of  the  cord  form  the  true  ganglion  cells.  A  gradual  separation  of  the 
ganglia  next  tiikes  place,  and  the  cells  become  confined  to  the  ganglia, 
which  are  finally  only  connected  by  a  double  band  of  commissural 
tissue.  The  commissural  tissue  not  only  gives  rise  to  the  longitudinal 
cords  connecting  the  successive  ganglia,  but  also  to  the  ti^nsverso 
commissures  which  unite  the  two  halves  of  the  individual  ganglia. 

The  ganglia  usually,  if  not  always,  appear  at  first  to  correspond 
in  mmiber  with  the  segments,  and  the  smaller  number  so  often 
present  in  the  adult  is  due  to  the  coalescence  of  originally  distinct 
ganglia. 

Organs  of  special  sense.  Comi)aratively  little  is  known  on  this 
head.  1  ho  com|M)und  eyes  are  developed  from  the  coalescence  of  two 
structures,  both  however  epiblastic.  viz.  (1)  i>art  of  the  su{x.'rficia] 
epibhist  of  the  procephalic  lobes ;  (2)  part  of  the  supra-a>sophageaI 
gangliji.  The  former  gives  rise  to  the  corneal  lenses,  the  crystal- 
line coni's,  and  the  pigment  surrounding  them;  the  latter  to  the 
rhalxloms  and  the  cells  which  encircle  tliein.  Between  these  two 
jNirts  a  mesoblastic  pigment  is  interposed. 

Of  the  development  of  the  auditory  and  olfact^^y  organs  almost 
nothing  is  known. 

Dorsal  organ.  In  a  considerable  number  rjf  the  Malacostraca 
and  Hranchioixula  a  peculiar  organ  is  developed  from  the  epiblast 
in  the  anterior  dorsal  region.  This  organ  has  been  called  the  dorsal 
organ.  It  ajjpears  to  l)e  of  a  glan«lular  nature,  and  is  usually  very 
hirgo  in  the  embryo  or  larva  and  disiippears  in  the  ailult;  but  in 
sonu*  BranchiopiMla  it  persists  through  life.  In  most  cases  it  is  nn- 
l^jiiri'd,  but  in  some  instances  a  paired  organ  api>ears  to  take  its  phici*. 

Various  views  as  to  its  nature  have  been  put  forwanl.  There 
is  hut  little  doubt  of  its  l>eing  glandular,  and  it  is  |H)ssiblc  that  it  is  a 
provisional  renal  organ,  though  s<»  far  as  1  know  concR'tiiais  have  not 
vet  Ihtu  f«»und  in  it. 
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Its  development  ban  been  mont  full;  etudied  in  the  Isopoda. 

In  GymoUioB  (Bullat',  No.  499)  tlii^re  appears  on  the  doisal  surface,  id 
the  region  which  afterwards  b^wnioa  the  first  thoratnc  segment,  an  un- 
paired linear  thickening  of  the  blastoderm.  This  sooa  becomes  a  oirculw 
patch,  the  central  part  of  which  is 

invoginated  so  as  to  commuiiicate  ^-t~'--^> 

with    the  exterior    by   a    narrow  ^■^   '.  V  -  -     ^^"""^-^ 

opening  only    (fig.  242).      It   be-  ^~^--^ 

comes  at  the  same  time  attaclied  f  X 

to  the  inner  e^  membrane.      It         ,  \ 

retidnii  this  condition  till  the  dose       /  \ 

of  larval  life. 

In    OuiscuB  (Dohrn,  No.  500 ; 
Bobretzkj,  No.  498)  there  appears 
very  early  a  dorsal  pntoh  of  thick- 
ened cella.     These  cells  become  at- 
tached at  their  edge  to  the  inner         \  / 
egg  membrane  and  gradually  sepa-            '                                               /   .1 
rated  from  the  embryo,  with  which                  "  ,,^^                             ,- 
they  finally  oidy  rcTuain  in   con-                          --^     -     ,^J^ 
nection  by  a  hollow  column  of  cells           Fio.  342.      Diiuriuuitic    bectioii    or 
(fig.  241  A,  (^o).    The  original  patch     Ctmothoa    bhbwino    ihb    i>ob&u.    obqui. 
now  gradually   spreads   over    the     l^"""  B'^lw.) 
inner  e^  membrane,  and  forms  a 

transverse  saddle-shaped  band  of  flattened  cells  which  engirths  the  embryo 
on  all  but  the  ventral  side. 

In  the  Aniphipods  the  epiblast  cells  remain  attached  for  a  small  area 
on  the  dorsal  sur&ce  to  tlie  firat  larval  skin,  when  this  is  formed.  Thia 
patch  of  cells,  often  spoken  of  as  a  micropyle  apparatus,  forms  a  dorsal 
organ  equivalent  to  that  in  Oniscus.  A  perforation  is  formed  in  it  at  a 
later  period.  A  perhajts  homologous  sti'ucture  ui  found  in  the  embryos  of 
Euphausia,  Cuma,  etc. 

In  many  Branchiopoda  n  donial  organ  is  found.  Its  development  has 
been  studied  by  Grob- 
bon  in  Moina.  It  per- 
sists in  the  adult  in 
Branch!  pus,  Lininadia, 
Estlierea,  etc. 

In  the  Copepoda  a 
dorsal  organ  is  some- 
times found  in  the  em- 
bryo ;  Grobben  at  any 
rate  believes  that  he 
has  det«ctc<l  an  organ 
of  this  nature  in  the 
fmbryo  of  Cyclops  ser- 

A  pairwl  organ 
which  appeal's  to  l>e  of 
the  game  nature  has 
been  found  in  Asellus 
and  Mysis. 


Fin.    -IVi.         DUUIUMJIITIC     HECIION    I 
AbBIXDS  AOUATICDB    to    HBKW  the    FlIRI 

(Prom  BullU".  after  E.  Tan  Benaden.) 
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In  AH«!lliM(I<atlike  (No.  501),  Dohrn  (No.  500),  Van  Beneden  (No.  497)) 
tliiH  ory^uii  originatfM  an  two  cellular  masses  at  the  ndes  of  the  bodj  jiii4 
lN)hiiid  the  region  of  the  prooephalic  lobes.  Each  of  them  becomes  tri- 
foliate and  !>end8  towards  the  ventral  snrfaca  In  each  of  their  lobes  a 
cavity  arises  and  finally  the  three  cavities  unite,  forming  a  trilobed  cavity 
o|Nin  to  the  yolk.  This  organ  eventually  becomes  so  large  that  it 
l>reaks  through  the  egg  membranes  and  projects  at  the  sides  of  the  embryo 
(fig.  243).  Tliough  formed  before  the  appendages  it  does  not  attain 
its  full  development  till  considerably  after  the  latter  have  become  well 
eHtablishcHl. 

In  My  sis  it  appears  during  the  Nauplius  stage  as  a  pair  of  cavities 
liniNl  by  columnar  cells,  which  atrophy  very  early. 

Various  atttMupts  have  been  made  to  identify  organs  in  other  Arthropod 
embryos  with  the  dorsal  organ  of  the  Crustacea,  but  the  only  organ  at  all 
•imihir  which  luis  so  far  been  described  is  one  found  in  the  embryo  of 
Linguatula  ^1^/0  Chapter  xix.),  but  there  is  no  reason  to  think  that  this 
organ  is  really  homologous  with  tlie  dorsal  organ  of  the  Crustacea. 

The  mesoblast.  The  mesoblast  in  the  types  so  far  investigateil 
arisi^H  from  tho  same  cells  as  the  hypoblast,  and  appears  as  a  some- 
what irregular  layer  between  the  epi blast  and  the  hypoblast.  It  gives 
riHo  to  tho  same  parts  as  in  other  forms,  but  it  is  remarkable  that  it 
iKh^h  not,  in  most  Decapods  and  Isopods  (and  so  far  we  do  not  know 
al)out  otlier  forms),  iK'come  divided  into  somites,  at  any  rate  with  the 
Biuno  illHtinotness  that  is  usual  in  Annelids  and  Arthroptxis^  Not  only 
so,  but  thoiv  is  at  first  no  marked  division  into  a  somatic  and 
splanchnic  layer  with  an  intervening  body  cavity.  Some  of  the  cells 
iHHHmio  iliflVrentiatoil  into  the  muscles  of  the  body  wall  and  limbs;  and 
other  oi*lls,  usually  iu  the  form  of  a  very  thin  layer,  into  the  muscles 
o(  tho  alimentary  tnu't  In  the  tail  of  Pahemaii  Bobretzky  Qoticed 
that  the  cells  alnrnt  to  form  the  muscles  of  the  body  were  imperfectly 
dividixl  int*>  cubical  masses  ci>rresjK>nding  with  the  segments ;  which 
however,  iu  the  absemv  of  a  central  cavity,  differed  from  typical 
mesiddastio  somites.  In  J/y.viV^  Metsohnikoff  states  that  the  mesoblast 
iHHVines  br\»ken  up  into  distinct  s^>mites.  Further  inyestigatious  on 
this  subjivt  are  rei\uiriHl.  The  boily  cavity  has  the  form  of  irregular 
bliHHl  sinusi's  amongst  the  internal  organs. 

H6ftrt«  Tho  origin  and  development  of  the  heart  and  ^-ascuiar  system 
an*  but  vork*  im|vrftvtly  known. 

In  rhvllo|HHls  Jtr:iiiohipu8^  Ckus  ^No.  454)  has  shewn  that  the  hemn 
is  llv^niu^l  l\v  I  he  c\>«dtxiceiu>*  of  the  Utorul  i>arts  of  the  mesoblast  of  the 
voulRil  pUtttk  The  ohaniWrv  arv  fomunl  suovt^vely  as  the  st-^ments  to 
which  ihov  l«oloiu;  arv  e^tabHshtnl,  And  iho  AnU'rior  chambers  are  in  fall 
a^Hi^ilv  ^hilo  tho  jKY^torior  nn*  not  yot  formt\L 

Iu  .Vst.^*us  And  INdsriuon.  IV^bretzky  r.iids  that  At  the  sta^  Wf«>r«  th^ 
howrt  d«  tiuitoW  Ap}HMir»  thorv  uiav  l^o  ««%'&  a  solid  ma»  of  mos^^blAst  cv>lU 
iu  :ho  jvxsa:iK»u  whioh  it  e von tu Ally  ^.xvupio*    :  and  coiisidor*  it   pr>>Wble 

r|«:  ^"fc*;  t  i.  ■:••■.•. V  Tlvf-     1".  *"■<  j^Aof  in*  >Uh:<f^  ••has  ihe  hf>dkr;  Ar.jief  frvm  liii*  thicker- 
v^l'  ;N    S-AT I  ; *  r  usvr.'^p  ;^%  '  a*  rev i  Jk U* . 
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that  the  heart  originates  from  this  mass.  At  the  time  when  the  heart  can 
first  be  made  out  and  before  it  has  begun  to  beat,  it  has  the  form  of  an 
oval  sack  with  delicate  walhi  separated  from  the  mesenteron  by  a  layer  of 
splanchnic  mesoblast.  Its  cavity  is  filled  with  a  peculiar  plasma  which 
also  fills  up  the  various  cavities  in  the  mesoblast  Around  it  a  peri- 
cardial sack  is  soon  formed,  and  the  walls  of  the  heart  become  greatly 
thickened  Four  bands  ])ass  off  from  the  heart,  two  dorsalwards  which 
become  fixed  to  the  integument,  and  two  ventralwards.  There  is  also  a. 
median  band  of  cells  connecting  the  heart  with  the  dorsal  integument 
The  main  arteries  arise  as  direct  prolongations  of  the  heart.  Dohm's 
observations  on  Asellus  greatly  strengthen  the  view  that  the  heart 
originates  from  a  solid  mesoblastic  mass,  in  that  he  was  able  to  observe 
the  hollowing  out  of  the  mass  in  the  living  embryo  (cf.  the  development 
of  the  heart  in  Spiders).  Some  of  the  central  cells  (nuclei,  Dohro)  become 
blood  corpuscles.  The  formation  of  these  is  not,  according  to  Dohm, 
confined  to  the  heart,  but  takes  place  in  situ  in  all  the  parts  of  the  body 
(antennas,  appendages,  etc.).  The  corpuscles  are  formed  as  free  nuclei 
and  are  primarily  derived  from  the  yolk,  which  at  first  freely  communicates 
with  the  cavities  of  the  appendages. 

Alimentary  tract.  In  Astacus  the  formation  of  the  mesenteron 
by  invagination,  and  the  absorption  of  the  yolk  by  the  hypoblast  cells, 
have  already  been  described.  On  the  absorption  of  the  yolk  the  me- 
senteron has  the  form  of  a  sack,  the  walls  of  which  are  formed  of 
immensely  long  cells — the  yolk  pyramids — at  the  base  of  which  the 
nucleus  is  placed  {^^,  238  B).  This  sack  gives  rise  both  to  the  portion 
of  the  alimentary  canal  between  the  abdomen  and  the  stomach  and  to 
the  liver.  The  epithelial  wall  of  both  of  these  parts  is  formed  by  the 
outermost  portions  of  the  pyramids  with  the  nuclei  and  protoplasm 
becoming  separated  off  from  the  yolk  as  a  layer  of  flat  epithelial  cells. 
The  yolk  then  breaks  up  and  forms  a  mass  of  nutritive  material  filling 
up  the  cavity  of  the  mesenteron. 

The  differentiation  both  of  the  liver  and  alimentary  tract  proper  first 
takes  place  on  the  ventral  side,  and  commences  close  to  the  point  where 
the  proctodieum  ends,  and  extends  forward  from  this  point  A  layer 
of  epithelial  cells  is  thus  formed  on  the  ventral  side  of  the  mesenteron 
which  very  soon  becomes  raised  into  a  series  of  longitudinal  folds,  one  of 
which  in  the  middle  line  is  very  conspicuous.  The  median  fold  eventually, 
by  uniting  with  a  corresponding  fold  on  the  dorsal  side,  gives  rise  to  the 
true  mesenteron ;  while  the  lateral  folds  form  parallel  hepatic  cylinders, 
which  in  front  are  not  constricted  off  from  the  alimentary  tract.  The 
lateral  parts  of  the  dorsal  side  of  the  mesenteron  similarly  give  rise 
to  hepatic  cylinders.  The  yolk  ])yramidi  of  the  anterior  part  of  the 
mesenteron,  which  projects  forwards  as  a  pair  of  diverticula  on  each  side 
to  the  level  of  the  stomach,  are  not  converted  into  hepatic  cylinders  till  after 
the  larva  is  hatched. 

The  proctodfeum  very  early  o|)ens  into  the  mesenteron,  but  the  stomo- 
diBum  remains  closed  till  the  differentiation  of  the  mid-gut  is  nearly 
completed.  The  proctodseum  gives  rise  to  the  abdominal  part  of  the  intestine, 
and  the  stomodaeum  to  the  oesophagus  and  stomach.  The  commencement 
of  the  masticatory  apparatus  in  the  latter  ap^xmrs  very  early  as  a  dorsal 
thickening  of  the  epithelium. 
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itiwir  in«(^ 


The  primitive  meaeuteron  iu  PaJtemon  diflereatiates  itiwlf  i 
permanent  niid^gut  and  liver  iu  a  manner  generslly  siinil&r  k>  UmU  1 
ABtacuR,  though  the  proceee  ia  considerably  less  oomplii»ted.  A  dtirTllf 
layer  of  cells  Beparates  Itself  from  the  outer  part  of  the  yolk  pjTMnM 
and  givt!S  rise  to  the  glandular  lining  both  of  the  mid-g<it  anil  of  th«  lira 
The  ditferentiation  of  thia  liiyer  commeuoes  hehind,  and  tlie  niid-^t  VM 
Boon  conimunic]kt«a  freely  with  tlie  pi-octotltcura.  The  lateral  piula  i 
the  primitive  mesent«rou  )>ecome  coikBtrict«d  into  four  wings,  two  dirMtta 
forwards  and  two  backwards;  these,  after  the  yolk  in  them  kaa  bvooa 
absorbed,  constitute  the  liver.  The  median  part  simply  beconiea  the  tm 
Henleron.  The  stouiuchtc  end  of  the  stomodfeum  lies  iu  contact  with  ll 
ineaenteron  close  to  the  point  whei'e  it  is  continued  into  the  he|iatl 
diverticula,  and,  though  the  j)artitioa'Wali  between  the  two  bevoDMie  osri 
vury  thin,  a  free  ooraniunication  is  out  established  till  the  yolk  lia«  btM 
completely  abeorbed. 

The  aJimentary  tnut  in  the  laojioda  is  mainly  if  uot  entimly  forme 
from  the  proctodieum  and  Btomodteum,  both  of  wliich  arise  berorc  any  otha 
part  of  the  alimentary  Hyatem  ax  epiblastic  invaginations,  and  gradaall 
grow  iuwartU  (lig.  241),  In  Ouiscus  the  liver  is  fortiiMl  na  two  (Uh 
at  the  surface  of  the  yolk  on  each  side  of  the  anterior  part  of  the  bod; 
Their  walls  are  comp<Med  of  cubical  cells  derived  from  the  yolk  eella,  ti 


r  Oxiscvm  ■ 
(4/ter  Bobreliky.) 
■I.  KtoRKKlBum;    pr.  |aooU>d«am:   hy.  hypoblast  TaiiQed  ot  large  DDdca. 
uuboldad  in  yolk:  m. mewiblut ;  vg.  ventral  uerre  noril;  ijf.  sapra-aw>pliaeeal  g 
li.  lirer;  ilo.  dDnal  organ:  tp.  ruiUnirnt  <>f  muBlioatory  apparatus. 

origin  of  which  was  ajHtken  of  on  p.  429.  These  two  discs  gradually  t«I 
the  fonn  of  sacks  (fig.  244  B,  li.)  freely  oj>en  on  their  inner  ttido  to  tl 
yolk.  Afl  these  sacks  continue  to  grow  the  stomodteum  and  jiroctodM-tt 
do  not  rvinnin  {Mssive.  The  stoinodieum,  which  (^ven  rise  to  the  n^aopbusi 
and  stomach  of  the  adnlt,  soon  Fxhil>ila  a  poRteriar  dilatation  (Iratiuwd  < 
li«oonie  the  stomach,  on  the  dorsal  wall  of  which  u  well-marked  jtroDiincoi 
— th«t  oarlirat  tiw»  of  the  future  nruiatnre— is  soon  fonnwl  (fig.  244  B,  ^ 
TIk<  proctodeum  (/n-)  grows  wiili  much  greater  rapidity  than  the  Btoiii 
dwnin,  and  its  end  adjoining  the  yolk  becomes  extremely  thin  or  wen  bnAi 
thri>ugh.  In  the  earliest  stages  it  was  eurroundftd  by  the  yolk  ct^lla,  bt 
in  its  later  growtli  the  yolk  cells  iMnsime  gradually  redueml  in  itumb 
and  appvnr  t«  rweilf  Iwfon'  it     an  much  ih)  that  one  is  Ird  to  <.-onc]a4 
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tliat  the  later  growth  of  the  proctodieum  takes  place  at  the  exiiense  of  the 
yolk  cells. 

The  liver  sacks  become  tilled  with  a  granular  material  without  a  trace 
of  cells ;  their  posterior  wall  is  continuous  with  the  yolk  cells,  and  their 
anterior  lies  close  beliind  the  stomach.  The  proctodfeum  continually 
grows  forwaixls  till  it  approaches  cIoho  to  the  stoniodaeum,  and  the  two 
liver  sacks,  now  united  into  one  at  their  base,  become  directly  continuous 
with  the  proctodieum.  By  the  stage  when  this  junction  is  effected  the  yolk 
cells  have  completely  disapi>eared.  It  seems  then  that  in  Oniscus  the  yolk 
cells  (hypoblast)  are  mainly  employed  in  giving  lise  to  the  walls  of  the 
liver ;  but  that  they  probably  also  supply  the  material  for  the  later  growth 
of  the  api>arent  proctodeum.  It  becomes  therefore  necessiiry  to  conclude 
that  the  latter,  which  might  seem,  together  with  the  stomodteum,  to  form 
the  whole  alimentary  tract,  does  in  rejility  correspond  to  the  proctodieum 
and  mesenteron  together,  though  the  digestive  fluids  are  no  doubt  mainly 
secreted  not  in  the  mesenteron  but  in  the  hepatic  diverticula.  The  procto- 
daeum  and  stomodseum  at  first  meet  each  other  without-  communicating, 
but  before  long  the  partition  between  the  two  is  broken  through. 

In  Cymothoa  (Bullar,  No.  499)  the  proctodseum  and  stomodfeum 
develop  in  the  same  manner  as  in  Oniscus,  but  the  hypoblast  has  quite 
a  different  form.  The  main  mass  of  the  yolk,  which  is  much  greater  than 
in  Oniscus,  is  not  contained  in  definite  yolk  cells,  but  the  hypoblast  is 
represented  by  (1)  two  solid  masses  of  cells,  derived  apparently  from  the 
inner  layer  of  blastoderm  cells,  which  give  rise  to  the  liver;  and  (2)  by  a 
membrane  enclosing  the  yolk  in  which  nuclei  are  present. 

The  two  hepatic  masses  lie  on  the  surface  of  the  yolk,  and  each  of  them 
becomes  divided  into  three  short  cecal  tul>es  freely  open  to  the  yolk. 
The  stomodseum  soon  reaches  its  full  length,  but  the  proctodsBum  grows 
forwards  above  the  yolk  till  it  meets  the  stomodseum.  By  the  time  this 
takes  place  the  liver  cfeca  have  grown  into  three  large  tubes  filled  with 
fluid,  and  provided  with  a  muscular  wall.  They  now  lie  above  the  yolk, 
and  no  longer  communicate  directly  with  the  cavity  of  the  yolk  sack, 
but  open  together  with  the  yolk  sack  into  the  point  of  junction  of  the 
pix>ctod{eum  and  stomodaeum.  The  yolk  sack  of  Cymothoa  no  doubt 
represents  part  of  the  mesenteron,  but  there  is  no  evidence  in  favour  of 
any  part  of  the  a]>parent  pi^octodseum  representing  it  also,  though  it  is 
quite  possible  that  it  may  do  so.  The  relations  of  the  yolk  sack  and 
hefiatic  diverticula  in  Cymothoa  appear  to  hold  good  for  Asellus  and 
])rol>ably  for  most  Iso])oda. 

The  differences  between  the  Decapods  and  Isopods  in  tlie  development 
of  the  mesenteron  are  not  inconsiderable,  but  they  are  probably  to  be 
explained  by  the  relatively  larger  amount  of  food  yolk  in  the  latter 
forms.  The  solid  yolk  in  tlie  Isopo<ls  on  this  view  represents  the 
primitive  mesenteron  of  DocaiKxls  after  the  yolk  has  Ixjen  absorbed  by 
the  hypoblast  cells.  Starting  from  this  standpoint  we  find  that  in  both 
groups  the  lateral  jmrts  of  the  mesenteron  become  the  liver.  In  Deca- 
jkhIs  the  middle  part  l>ecomes  directly  converted  into  the  mid-gut,  the 
differentiation  of  it  commencing  l)ehind  and  proceeding  forwai*ds.  In  the 
Isopoiln,  owing  to  the  mesenteron  not  having  a  distinct  cavity,  the  differen- 
tiation of  it,  which  proceeds  forwards  as  in  Decai)ods,  ap|)ears  simply  like 
a  prolongation  forwaixls  of  the  proctmheum,  the  cells  fur  the  prolongation 
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being  probably  supplied  from  the  70IL  In  Cymothoa  the  food  yolk  ib  so 
bulky  that  a  special  yolk  sack  is  developed  for  its  retention,  'which  is  nut 
completely  absorbed  till  some  time  after  the  alimentary  canal  has  the  form 
of  a  continuous  tube.  Hie  walls  of  this  yolk  sack  are  morphologically  a 
specially  developed  part  of  the  mesenteron. 
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POECILOPODA,  PYCNOQONIDA,  TARDIGRADA,  AND  LIN- 
GUATULIDA;  AND  COMPARATIVE  SUMMARY  OF 
ARTHROPODAN  DEVELOPMENT. 

The  groups  dealt  with  in  the  present  Chapter  undoubtedly  belon<^ 
to  the  Arthropoda.  They  are  not  closely  related,  and  in  the  case 
of  each  group  it  is  still  uncertain  with  which  of  the  main  pbyla 
they  should  be  united.  It  is  possible  that  they  may  all  be  offsnoots 
from  the  Arachnidan  phylum. 

PCECILOPODA. 

The  development  of  Limulus  has  heon  studied  by  Dohm  (No.  533) 
and  Packard  (No  534).  The  ova  are  laid  in  the  sand  near  the  spring-tide 
marks.  Tliey  are  enveloped  in  a  thick  chorion  formed  of  several  layers ; 
and  (during  the  later  stages  of  development  at  any  rate)  there  is  a  mem- 
brane witliin  the  chorion  which  exhihits  clear  indications  of  cell  outlines '. 

There  is  a  centrolecithal  segmentation,  which  ends  in  the  formation  of 
a  blastoderm  enclosing  a  central  yolk  mass.  A  ventral  plate  is  then 
formed,  which  in  thicker  in  the  region  where  the  abdomen  is  eventually 
deve]oi>od.  Six  Hcgments  soon  l>ecome  faintly  indicated  in  the  cephalo- 
thoracic  region,  the  ends  of  wliich  grow  out  into  prominent  appendages 
(6g.  245  A) ;  of  these  there  are  six  })airs,  which  increase  in  size  from 
before  hackwanls.  A  stomodieum  (m)  is  by  this  time  established  and 
is  pUired  well  in  froni  of  the  foremost  pair  of  appendtujes*. 

In  the  irourse  of  the  next  few  days  the  two  first  appendages  of  the 
al)doininal  n'gion  become  formed  (vi<le  6g.  245  C  nhewing  those  ab<lominal 
apiM;n<]ageH  at  a  lat<T  stage),  and  have  a  very  different  shai»e  and  direction 
to  those  of  the  cephalothorax.  The  a|)}>endages  of  tlie  latter  become 
Hexe<l  in  the  middle  in  such  a  way  that  their  ends  become  directed  towards 
the  mwlian  line  (fig.  245  B).      The  •body  of  the  embr}'0  (fig.  245  B)  is 

^  The  imturr  of  the  inner  membrano  is  obflcuro.  It  is  bclicve<l  by  Packard  to  be 
moultoil  ufttT  the  forniatiim  of  tho  limbs,  and  to  he  fquivalent  to  the  amnion  of  Imects^ 
while  b>-  Duhrii  it  is  rcK^anletl  as  a  product  of  the  follicle  cells. 

'  Dolirn  tinils  at  first  only  five  appendages,  but  thinks  that  the  sixth  (the  anterior 
one)  iniiy  have  been  present  but  invisible. 
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now  disttactl;  divided  into  two  r^ona — the  cepbalothoradc  in  front,  and 
the  abdominal  behind,  both  divided  into  segments. 


Fia.  as.      ThBEE  BTAQII  in  TBB   DBfELOPmHT  OT   LlWILDI  rOLTFBIIlDB,      (SOD 

what  modified  from  racb&rd.) 

A.  Embiyo  in  irbich  the  thoTMio  limbs  and  month  have  become  dereloped  □□  the 
ventral  plate.     The  outer  line  reprsBend  what  PBckord  helieres  to  be  the  amnion. 

B.  Later  embryo  from  the  ventral  Borface. 

C.  Later  embryo,  jnst  before  the  splitting  of  the  ohorion  from  the  side.  The  loU 
nnmber  of  segments  o(  the  abdomen,  and  tbiee  abdominal  appendageB,  have  become 
eBtabliehed ;  m.  moath ;  t. — n.  appendage!. 

Round  the  edge  of  the  ventral  plate  there  is  a  distinct  ridge — the 
rudiment  of  the  cephalothoracic  shield. 

With  the  further  growth  of  the  embrjo  the  chorion  becomes  split 
and  cast  off,  the  embryo  being  left  enclosed  within  the  inner  membnme. 
The  embryo  has  a  decided  ventral  flexure,  and  the  abdominal  region 
grows  greatly  and  forms  a  kind  of  cap  at  the  hinder  end,  while  its 
vaulted  dorsal  side  becomes  divided  into  segments  (fig.  34S  C).  Of  tiieae 
there  are  according  to  Dohm  seven,  bnt  aocording  to  Packard  nine,  of 
which  the  last  forms  the  rudiment  of  the  caudal  spina 

In  the  thoracic  region  the  nervous  system  is  by  this  stage  formed  as 
a  ganglionated  cord  (Dohm),  with  no  resemblance  to  the  peculiar  (bso- 
phageal  ring  of  the  adulL  The  mouth  is  stated  by  Dohrn  to  lie  between 
the  second  pair  of  limbs,  so  that,  if  the  descriptions  we  have  are  correct,  it 
must  have  by  this  stage  changed  its  position  with  reference  to  the  appen- 
dages. Between  the  thorax  and  abdomen  two  papillte  have  arisen  which 
form  the  so-called  lower  lip  of  the  adult,  but  from  their  position  and  late 
development  they  can  hardly  be  regarded  as  segmental  appendages.  In  the 
course  of  further  changes  all  the  parts  become  more  distinct,  while  the 
membrane  in  which  the  larva  is  placed  becomes  enormously  distended 
(fig.  246  A).  The  rudiment*  of  the  compound  eyes  are  formed  on  the  third 
(Packard)  or  fourth  (Dohm)  segment  of  the  cephalothorax,  and  the  simple 
eyes  near  the  median  line  in  front.     The  nidimenta  of  the  inner  process 
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of  the  chelffi  of  the  oephalothoranic  appendages  uiae  m  bndi.  The  abdo- 
minal  appendAgce  become  more  plate-lilce,  and  the  rudiments  of  a  thin! 
pair  appear  Itehind  the  two  already  present.  The  heart  ai>|>e«ra  cm  the 
dorsal  surfrtce. 

An  ccdynis  now  takes  place,  and  in  the  stage  following  the  limbs  have 
approached  fur  more  closely  to  their  adult  state  (tig.  246  A).  The 
cephalothoracic  appendages  become  fully  joint«d ;  the  two  aittcrior  ah- 
dominiil  appendageH  (vii.)  have  appi'oachetl,  and  begin  to  resemble  the  o[M>r- 
culum  of  tlio  Hdiilt,  and  on  tlie  second  pair  w  fonned  a  small  iiiuer  rantuA. 
The  s«?gmentation  of  the  now  vaulte<l  cephalothorax  becomes  Iciw  obvitMu, 
though  Htill  indicated  by  the  arrangement  of  the  yolk  masses  which  form 
the  mture  he[)atic  diverticula, 

Shortly  ntt<T  this  ntagc  the  embryo  is  hutched,  and  at  about  the  time  of 
hatching  acfiuires  a  form  (fig.  2*6  B)  in  which  it  beara,  as  [tointed  out  by 
Dohm  and  Packard,  the  moat,  Htrikiiig  reseiiiblsnce  to  a  Trili>liit«. 

Viewed  frum  the  dorsal  surface  (fig.  246  B)  it  is  diridt-ii  into  two 
distinct  regions,  tlic  cejihalothoracic  in  front  and  the  abdominal  behiuiL 
The  crphalutliuracic  baa  become  much  flatter  and  wider,  hits  loHt  all  trace 
of  its  proviouH  segmentation,  and  has  Itecome  distinctly  trilulied.  The 
centnil  luI>o  fumis  a  well  marked  keel,  and  at  the  lino  of  insertion  of  the 
rim-like  tNlgii  of  the  lateral  lobet  are  placed  the  two  ]HUra  of  eyea  {»e  and 
ee).     Tlie  al)douiinaI  region  is  also  diattnctly  trilobed  and  divided  into  ninr 


membrane  shortlj  brfnrc 


(Altiir  Dohrn.) 

A.  An  ndvsiiei-d  pmbryri  eiivelopcd  in  the  (UhIgiiiIoJ 
hiilrliiiiK:  rr>>ni  tlio  ventral  xiile. 

B.  A  Inler  eniliryu  at  tlie  Triloliite  ftiiiie.  trnm  tlie  <liinial  aide, 
t..  vn,,  VIII.    t'init.  aeveulli,  «n<i  eighth  appL'uilii»,'eH. 

e:  eaudal  niiino;  it,  Kimplv  «)'v;  re.  eomiHiund  eye. 

H  merely  formed  of  a  median  procewi,  being  thf 
w.  llie  cdgm  <if  the  second  to  the  seventh  ar* 
anned  with  a  spint'.  Tlie  changes  in  the  ajijH'udnges  are  not  very  ciiii- 
Hidenible.  TIic  aiitorinr  ]>air  nearly  meet  in  the  middle  lino  in  front  of 
the  mouth  ;  and  thii  hittiT  structun>  is  oomjiletely  covered  by  an  upper 
lip.  fWh  abiliiiiiiniil  iip)tendttge  of  the  second  |Mir  in  provided  with  four 
gilMamelln-,  sllacheil  cloxe  tn  its  luuu'. 
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Three  weeks  after  hatching  an  ecdysis  takes  place,  and  the  larva  passes 
from  a  trilobite  into  a  limuloid  form.  The  segmentation  of  the  abdomen 
has  become  much  less  obvious,  and  this  part  of  the  embryo  closely  I'esem- 
bles  its  permanent  fonn«  The  caudal  bpine  is  longer,  but  is  htill  relatively 
short.  A  fourth  pair  of  abdominal  appendages  is  established,  and  the  first 
pair  have  partially  coalesced,  while  the  second  and  third  i)air8  have  become 
jointed,  their  outer  ramus  containing  four  and  their  inner  three  joints. 
Additional  gill-lamellse  attached  to  the  two  basal  joints  of  the  second  and 
third  abdominal  api)eudages  have  appeared. 

The  further  changes  are  not  of  great  importance.  They  are  effected  in 
a  senea  of  successive  moults.  The  young  larvae  swim  actively  at  the 
surface. 

Our,  in  many  respects,  imperfect  knowledge  of  the  development  of 
Limulus  is  not  sufficient  to  shew  whether  it  is  more  closely  related  to  the 
Crustacea  or  to  the  Aitichnida,  or  is  an  independent  phylum. 

The  somewhat  Crustacean  character  of  biramous  abdominal  feet,  eta 
is  not  to  be  denied,  but  at  the  same  time  the  characters  of  the  embryo 
appear  to  me  to  be  decidedly  more  arachnidan  than  crustacean.  Tlie 
embryo,  when  the  api)endages  are  first  formed,  has  a  decidedly  arach- 
nidan facies.  It  will  be  remembered  that  when  the  limbs  are  first  foi-med 
they  are  all  post-^n'aL  Tliey  resemble  in  this  respect  the  limbs  of  the 
Ai-achnida,  and  it  seems  to  be  probable  that  the  anterior  pair  is  equivalent 
to  the  chelicerse  of  Arachnida,  which,  as  shewn  in  a  previous  section,  are 
really  |K>st-oral  api)endages  in  no  way  homologous  with  antennffi\ 

The  six  thoracic  appendages  may  thus  be  compared  with  the  six 
Arachnidan  appendages ;  which  they  resemble  in  tiieir  relation  to  the 
mouth,  their  basal  cutting  blades,  etc. 

The  existence  of  abdominal  appendages  behind  the  six  cephalothoracic 
does  not  militate  against  the  Arachnidan  affinities  of  Limulus,  because  in 
the  Arachnida  rudimentary  abdominal  ap|)endages  are  always  present  in 
the  embryo.  The  character  of  the  abdominal  appendages  is  probably 
secondarily  adapted  to  an  aquatic  respiration,  since  it  is  likely  (for  the 
reasons  already  mentioned  in  connection  with  the  Tracheata)  that  if  Limulus 
has  any  affinities  with  the  stock  of  the  Tracheata  it  is  descended  from  air- 
breathing  forms,  and  has  acquired  its  aquatic  mode  of  respiration.  The 
anastomosis  of  the  two  halves  of  the  generative  glands  is  an  Arachnidan 
character,  and  the  iK)sition  of  the  generative  openings  in  Limulus  is  more 
like  that  in  the  Scorpion  than  in  Crustacea. 

A  fuller  study  of  the  development  would  be  very  likely  to  throw 
further  light  on  the  affinities  of  Limulus,  and  if  Packard's  view  about  the 
nature  of  the  inner  egg  membrane  were  to  be  continued,  strong  evidence 
would  thereby  be  produced  in  favour  of  the  Arachmdan  affinities. 

(533)  A.  Dohrn.  <*UnterBach.  ilb.  Baa  n.  Entwick.  d.  Arthropoden  (Limnlui 
pol3rphemu8)."    Jenai$che  Zeit$chrift^  Vol.  vl,  1871. 

(^34)  A.  S.  Packard.  **  The  development  of  Limulos  polyphemus."  Mem,  Batton 
Soc^Nat,  UUtory,  Vol.  11.,  1872. 

1  Dolim  bclievoB  that  he  has  succeeded  in  shewing  that  the  first  pair  of  appendages 
of  Limulus  is  innervated  in  the  embryo  from  the  supra-a^Bophageal  ganglia.  His 
o))Hervatiou8  do  not  appear  to  me  conclusive,  and,  arguing  from  what  we  know  of  the 
development  of  the  Arachnida,  the  innervation  of  these  appendages  in  the  adult  can  bo 
of  no  morphological  importance. 
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Pycnogonida. 


•J 
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The  embryos,  during  the  first  phases  of  their  development,  are  alwrnra 
carried  by  the  male  in  sacks  which  are  attached  to  a  pair  of  appendages 
(the  third)  s[»ecially  formed  for  this  purpose.  The  segmentation  of  the 
ovum  is  complete,  and  there  is  in  most  forms  developed  within  the  egg- 
shell a  larva  with  three  pairs  of  two-jointed  appendages,  and  a  rostruu 
placed  between  the  front  pair. 

It  will  be  convenient  to  take  Achelia  Isevis,  studied  by  I>ohm  (Xa 
536),  as  type. 

The  larva  of  Achelia  when  hatched  is  provided  with  the  typical  three 
pairs  of  appendages.  The  foremost  of  them  is  chelate,  and  the  two  follow- 
ing [Miirs  are  each  provided  with  a  claw.  Of  the  three  jiairs  of  larval 
appendages  Dohrn  states  that  he  has  satisfied  himself  that  the  anterior  is 
innervated  by  the  supra-oesophageal  ganglion,  and  the  two  posterior  by 
separate  nerves  coming  from  two  imperfectly  united  ventral  ganglia.  The 
larva  is  provided  with  a  median  eye  formed  of  two  coalesced  pigment 
spots,  and  with  a  simple  stomach, 
j  The  gradual  conversion  of  the  larva  into  the  adult  takes  place  by  the 

elongation  of  the  posterior  end  of  the  body  into  a  {tapilla,  and  the  forma- 
tion there,  at  a  later  period,  of  the  anus ;  while  at  the  two  sides  of  the 
anal  papilla  rudiments  of  a  fresh  pair  of  appendages — the  first  pair  of  am- 
bulatory limbs  of  the  adult — make  their  appearance.  The  three  remain- 
ing pairs  of  limbs  become  formed  successively  as  lateral  outgrowths,  and 
their  development  is  accomplished  in  a  number  of  successive  ecdyses.  As 
they  arc  formed  cffica  from  the  stomach  become  prolongcni  into  them. 
For  each  of  them  there  appears  a  special  ganglion.  While  the  alwve 
changes  are  taking  place  the  three  pairs  of  larval  api>endage8  undergo  con- 
siderable reduction.  The  anterior  pair  singly  becomes  smaller,  the  second 
loses  its  claw,  and  the  third  becomes  reduced  to  a  mere  stump.  In  the 
adult  tlie  second  pair  of  api)endages  becomes  enlarged  again  and  forms  the 
so-called  |>alpi,  while  the  third  pair  develops  in  the  male  into  the  egg- 
carrying  ap{H*ndagos,  but  is  aborted  in  the  femala  The  first  pair  form 
api>cndago8  lying  |>arallel  to  the  rostrum,  which  are  sometimes  called  pedi- 
jNilpi  and  sometimes  antennrc. 

The  anal  papilla  in  a  rudimentary  alxlomen,  and,  as  Dohrn  has  shown, 
contains  inidinionts  of  two  {laira  of  ganglia. 
I  The  larvae  of  Phoxichilidium  are  parasitic  in  various  Hydrozoa  (Hy- 

dractinia,  €*to.).  After  hatching  they  crawl  into  the  Hydractinia  stock. 
Tliey  are  at  fii-st  provide<l  with  the  three  normal  pairs  of  larval  appen- 
dagea  The  two  hinder  of  these  are  soon  thrown  off,  and  the  posterior 
part  of  the  tnink,  with  the  four  ambulatory  apjHmdages  belonging  to  it, 
becomes  gnulually  develojKKl  in  a  series  of  moults.  The  legs,  with  the 
exception  of  tlie  hindeionost  pair,  are  fully  formed  at  the  first  ecdysis  after 
the  larva  has  become  free.  In  the  genus  Pallene  the  metamorphosis  is  alv- 
breviat<Hl,and  the  young  are  hatched  with  the  full  complement  of  appendages. 

Tlie  ]M)Hition  of  the  Pycnogonida  is  not  as  yet  satisfactorily  settled. 
The  six-legged  larva  has  none  of  the  characteristic  features  of  the  Nauplius, 
except  the  ])osK<*Hsion  of  the  same  number  of  api)endages. 

The  numlxT  of  ap|)endages  (7)  of  the  Pycnogonida  does  not  coincide 
with  that  of  the  Arachnida.  On  the  other  hand,  the  presence  of  chelate 
ap]H>n(la^es  iniuTvatefl  in  the  adult  by  the  supra-CBSophageal  ganglia  rather 
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pointH  to  a  common  phylum  for  the  Pycnogonida  and  Arachnida ;  though  as 
shewn  above  (p.  376)  all  the  appendages  in  the  embryo  of  true  Ai*achnida 
are  innervated  by  post-oral  ganglia.  The  innervation  of  these  appendages 
in  the  larvae  of  Pycnogonida  requires  further  investigation.  Against 
such  a  relationship  the  extra  pair  of  appendages  in  the  Pycnogonida  is 
no  argument,  since  the  embryos  of  most  Arachnida  are  provided  with  four 
such  extra  i)air8.  The  two  groups  must  no  doubt  have  diverged  very 
early. 
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PENTASTOMIDA. 

The  development  and  metamorphosis  of  Pentastomum  tsenioides  have 
been  thoroughly  worked  out  by  Leuckart  (No.  540)  and  will  serve  as 
type  for  the  group. 

In  the  sexual  state  it  inhabits  the  nasal  cavities  of  the  dog.  The  early 
embryonic  development  takes  place  as  the  ovum  gradually  passes  down  the 
uterus.  The  segmentation  appears  to  be  complete ;  and  gives  rise  to  an 
oval  mans  in  which  the  separate  cells  can  hardly  be  distinguished.  This 
gradually  differentiates  itself  into  a  chaiucteristic  embryo,  divided  into 
a  tail  and  trunk.  The  tail  is  applied  to  the  ventral  surface  of  the  trunk, 
and  on  the  latter  two  pairs  of  stump-like  unsegmented  appendages  arise, 
each  provided  with  a  pair  of  claws.  At  the  anterior  extremity  of  the 
body  is  formed  the  mouth,  with  a  ventral  spine  and  lateral  hook,  which 
are  perhaps  degenerated  jaws.  The  spine  functions  as  a  boring  appa- 
ratus, and  an  apparatus  with  a  similar  function  is  formed  at  the  end  of  the 
tail.  A  larval  cuticle  now  appears,  which  soon  becomes  detached  from  the 
embryo,  except  on  the  dorsal  surface,  where  it  remains  firmly  united  to 
a  peculiar  papilla.  This  papilla  becomes  eventually  divided  into  two  parts, 
one  of  which  remains  attached  to  the  cuticle,  while  the  paft  connected 
with  the  embryo  forms  a  raised  cross  placed  in  a  cup-shaped  groove.  The 
whole  structure  has  been  compared,  on  insufficient  grounds,  to  the  dorsal 
organ  of  the  Crustacea. 

The  eggs,  containing  the  embryo  in  the  condition  above  described,  are 
eventually  carried  out  with  the  naSal  slime,  and,  if  transported  thence  into 
the  alimentary  cavity  of  a  rabbit  or  hare,  the  embryos  become  hatched  by 
the  action  of  the  gastric  juice.  From  the  alimentary  tract  of  their 
new  host  they  make  their  way  into  the  lungs  or  liver.  They  here 
become  enveloped  in  a  cyst,  in  the  interior  of  which  they  undergo  a 
very  remarkable  metamorphosis.  They  are,  however,  so  minute  and 
delicate  that  Leuckart  was  unable  to  elucidate  their  structure  till  eight 
weeks  after  they  had  been  swallowed.  At  this  period  they  are  irregularly- 
shaped  organisms,  with  a  most  distant  resemblance  to  the  earlier  embryos. 
They  are  without  their  previous  appendages,  but  the  alimentary  tract  is 
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now  diiitEnctlj  differantuted.  "Die  rem«ina  of  two  mticleB  in  tbe  ml 
Mom  to  Mh«w  tbat  the  above  changeB  mn  effected  in  two  ucdj^cg. 

In  the  Goaree  of  »  aeries  of  eedjw*  the  vukma  orgsiw  of  the  Wnl 
foriD  known  aa  PeDtaMtomuin  denUcuUtnm  continne  to  become  diffinvntiated. 
After  the  firnt  ( v  third)  ecdyaia  the  (B80|ihage»l  nerre-iing  and  aexoaUr 
andiflerentiated  generatiye  organs  are  developed.  At  the  fonrth  (  =  nxth) 
ecd3rsis  the  two  pain  of  hooks  of  the  adult  aia  formed  in  pocket*  vhidi 
aiipe«red  at  a  aomewhat  earlier  stage;  and  the  body  ac^ninx  an  umalated 
cnaracter.  At  a  aoinewbat  earlier  period  rudiments  of  tbe  external  gene- 
rative organa  indicate  the  sex  of  the  larva. 

After  a  nuinl)er  of  further  eodfoea,  which  are  completed  in  about  six 
months  after  the  introduction  of  the  embiyoe  into  tbe  intarmediato  boat, 
tbe  larva  attains  its  full  development,  and  acquires  a  form  in  whick  it  bai 
long  iMHtn  known  as  Fentaatomutu  denticulatiim.  It  now  leaves  its  cvst 
and  beginn  to  move  about.  It  iji  in  &  state  fit  to  be  introdoced  into  iti 
final  boat;  but  if  it  be  not  so  introduced  it  may  become  encjated  afreah. 

If  the  part  of  a  rabbit  or  bare  infected  by  a  Fentaatomnm  denticnla- 
tum  be  eaten  by  a  dog  or  wolf,  tbe  parasite  passes  into  the  naaal  cavity  of 
the  latbir,  and  aft«r  further  changes  of  cuticle  becomes  a  fally-de\-eloped 
aexaal  Fontaatomuni  t«enioides,  which  does  not  differ  to  any  very  marked 
extent  from  F.  denliculatnm. 

In  their  general  characters  the  larval  migrations  of  Fentastomam  are 
similar  to  those  of  the  Ceatodca. 

The  internal  anatomy  of  the  adult  Fentastomum,  as  well  as  the  cha- 
ractera  of  the  larva  witb  two  pairs  of  clawed  appendagea,  are  perfaapa 
sufficient  to  warrant  us  in  placing  it  with  the  Arthropoda,  thongb  it 
would  bo  difficult  to  shew  that  it  ought  not  to  be  placed  with  anch 
a  form  aa  Myioatoiiium  {vide  p.  305).  There  do  not  appear  to  be  any 
sufficient  grounds  to  justity  its  being  placed  with  the  Mitea  amon^t  the 
Aracbnida.  If  indeed  the  ringa  of  tbe  body  of  the  Feutaatomida  are  to 
be  taken  aa  imjilying  a  true  segmentation,  it  is  clear  that  the  Pentaatomida 
cannot  be  associated  with  the  Mites. 
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ypry  little  is  known  with  reference  to  the  development  of  tbe  I^rdi- 
grada.  A  i-oiiiplfto  and  regular  segmentation  (von  Siebold,  Kau&nann,  Na 
541)  i«  fcillowi-d  by  tlio  a|>peamnce  of  a  groove  on  the  ventral  aide  indicate 
ing  a  %'('ntnd  flexuro.  At  about  the  time  of  the  appearance  cX  the  groove 
the  ct-tla  I>ecoine  dividc<l  into  an  epiblastic  investing  layer  and  a  central 
hyjioblaHtic  niiuw. 

The  anitaturo  of  the  pharynx  is  formed  very  early  nt  tbe  anterior 
extremity,  and  the  Umhn  arise  in  succession  from  1>efore  backwards. 

Tlie  nbove  imperfect  details  throw  no  light  on  the  systematic  poaition 
of  this  gn<u[i. 

Tnrdigrada. 

(541)  J.  Kautmann.  "L'tber  die  Entwiekluug  a.  i^atematiaolia  SteDnna  d. 
TarXgndMi."    Zat./.wut.Zoot.,M.m.    1661. 
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Summary  of  Arthropodan  Development. 

The  numerous  characters  common  to  the  whole  of  the  Arthropoda 
led  naturalists  to  unite  them  in  a  common  phylum,  but  the  later 
researches  on  the  genealogy  of  the  Tracheata  and  Crustacea  tend  to 
throw  doubts  on  this  conclusion,  while  there  is  not  as  yet  sufficient 
evidence  to  assign  with  certainty  a  definite  position  in  either  of  these 
classes  to  the  smaller  groups  described  in  the  present  chapter.  There 
seems  to  be  but  little  doubt  that  the  Tracheata  are  descended  from 
a  terrestrial  Anuelidan  type  related  to  Peripatus.  The  affinities  of 
Peripatus  to  the  Tracheata  are,  as  pointed  out  in  a  previous  chapter 
(p.  319),  very  clear,  while  at  the  same  time  it  is  not  possible  to  regard 
Peripatus  simply  as  a  degraded  Tracheate,  owing  to  the  fact  that  it 
is  provided  with  such  distinctly  Annelidan  organs  as  nephridia,  and 
that  its  geographical  distribution  shews  it  to  be  a  very  ancient 
form. 

The  Crustacea  on  the  other  hand  are  clearly  descended  from  a 
Phyllopod-like  ancestor,  which  can  be  in  no  way  related  to  Peripatus. 
The  somewhat  unexpected  conchision  that  the  Arthropoda  have 
a  double  phylum  is  on  the  whole  borne  out  by  the  anatomy  of  the 
two  groups.  Without  attempting  to  prove  this  in  detail,  it  may  be 
pointed  out  that  the  Crustacean  appendages  are  typically  biramous, 
while  those  of  the  Tracheata  are  never  at  any  stage  of  development 
biramous^;  and  the  similarity  between  the  appendages  of  some  of  the 
higher  Crustacea  and  those  of  many  Tracheata  is  an  adaptive  one,  and 
could  in  no  case  be  used  as  an  argument  for  the  affinity  of  the  two 
groups. 

The  similarity  of  many  organs  is  to  be  explained  by  both  groups 
being  descendants  of  Annelidan  ancestors.  The  similarity  of  the 
compound  eye  in  the  two  groups  cannot  however  be  explained  in 
this  way,  and  is  one  of  the  greatest  difficulties  of  the  above  view.  It 
is  moreover  remarkable  that  the  eye  of  Peripatus  •  is  formed  on  a 
different  type  to  either  the  single  or  compound  eyes  of  most 
Arthropoda. 

The  conclusion  that  the  Crustacea  and  Tracheata  belong  to  two 
distinct  phyla  is  confirmed  by  a  consideration  of  their  development. 
They  have  no  doubt  in  common  a  centrolecithal  segmentation,  but, 
as  already  insisted  on,  the  segmentation  is  no  safe  guide  to  the 
affinities. 

In  the  Tracheata  the  archenteron  is  never,  so  far  as  we  know, 
formed  by  an  invagination',  while  in  Crustacea  the  evidence  is  in 
favour  of  such  an  invagination  being  the  usual,  and,  without  doubt, 
the  primitive,  mode  of  origin. 

^  The  biflagellate  antennas  of  Panropas  amongst  the  Myriapods  can  hardly  be  con- 
sidered as  constituting  an  exception  to  this  rule. 

'  I  hope  to  shew  this  in  a  paper  I  am  preparing  on  the  anatomy  of  Peripatof. 

'  Stecker*s  description  of  an  invagination  in  the  Chilognatfia  eannot  be  aoocpted 
without  further  confirmation;  vide  p  821. 
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The  mesoblast  in  the  Tracheata  is  formed  in  connection  with  a 
median  thickening  of  the  ventral  plate.  The  unpaired  plate  of 
mesoblast  so  formed  becomes  divided  into  two  bauds,  one  on  each 
side  of  the  middle  line. 

In  both  Spiders  and  Myriopods,  and  probably  Insects,  the  two 
plates  of  mesoblast  are  subsequently  divided  into  somites,  the  lumeu 
of  which  is  continued  into  the  limbs. 

In  Crustacea  the  mesoblast  usually  originates  from  the  walls  of 
the  invagination,  which  gives  rise  to  the  mesenteron. 

It  does  not  become  divided  into  two  distinct  bands,  but  forms  a  layer 
of  scattered  cells  between  the  epiblast  and  hypoblast,  and  does  not 
usually  break  up  into  somites;  and  though  somites  are  stated  in  some 
cases  to  be  found  they  do  not  resemble  those  in  the  Tracheata. 

The  proctodsBum  is  usually  formed  in  Crustacea  before  and  rarely 
later*  than  the  stomodaeum.  The  reverse  is  true  for  the  Tracheata. 
In  Crustacea  the  proctodsBum  and  stomodseum,  especially  the  former, 
are  very  long,  and  usually  give  rise  to  the  greater  part  of  the  alimen- 
tary tract,  while  the  mesenteron  is  usually  short 

In  the  Tracheata  the  mesenteron  is  always  considerable,  and  the 
proctoda^um  is  always  short.  The  derivation  of  the  Malpighian 
bodies  from  the  proctodseum  is  common  to  most  Tracheata.  Such 
diverticula  of  the  proctodseum  are  not  found  in  Crustacea. 

^  ThiH  i8  Htated  to  be  the  ease  in  Moina  (Grobben). 
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ECHINODERMATA*. 

The  development  of  the  Echinodermata  naturally  falls  into  two 
sections : — 

(1)  The  development  of  the  germinal  layers  and  of  the  systems 
of  organs;  (2)  the  development  of  the  larval  appendages  and  the 
metamorphosis. 

The  Development  of  the  Oerminai  Layers  and  of  the  Systems  of  Organs, 

The  development  of  the  systems  of  organs  presents  no  very 
important  variations  within  the  limits  of  the  group. 

Holothliroidea.  The  Holothurians  have  been  most  fully  studied 
(Selenka,  No.  563),  and  may  be  conveniently  taken  as  type. 

The  segmentation  is  nearly  regular,  though  towards  its  close,  and 
in  some  instances  still  earlier,  a  difference  becomes  apparent  between 
the  upper  and  the  lower  poles. 

At  the  close  of  segmentation  (fig.  247  A)  the  egg  has  a  nearly 
spherical  form,  and  is  constituted  of  a  single  layer  of  columnar  cells 
enclosing  a  small  segmentation  cavity.  The  lower  pole  is  slightly 
thickened,  and  the  egg  rotates  by  means  of  fine  cilia. 

An  invagination  now  makes  its  appearance  at  the  lower  pole 
(fig.  247  B),  and  simultaneously  there  become  budded  off  from  the 
cells  undergoing  the  invagination  amoeboid  cells,  which  eventually 
form  the  muscular  system  and  the  connective  tissue.  These  cells  very 
probably  have  a  bilaterally  symmetrical  origin.  This  stage  repre- 
sents the  gastrula  stage  which  is  common  to  all  Echinoderms.  The 
iuvaginated  sack  is  the  archenteron.     As  it  grows  larger  one  side  of 

>  The  foUowing  olassiiioAtioxi  of  the  Echinodermata  is  employed  in  this  chapter. 

I.  Holothuroidea.  rv.  Echinoidea. 

n.   Asteroidea.  V-   Crinoidea. 

ui.  Ophioroidea. 
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the  embryo  becomes  flattened,  and  the  other  more  convex.     Oo  \hf 
ffatteued  side  a  fresh  invagination  arises,  the  opeoing  of  which  fomw 
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uPTiL'u.  KECTIUN.     (AitcT  SsUiika.) 
A.   BUstoiphere  stage  at  the  close  of  BegmeiitBtioti.        B.   Gaatmls  atABS. 
mr.  mioTopjle;  /(.  chorion;   t.c.  xei^cDtation  cavity;    bl.  Uaatodemi;    17.  afi- 
blast;  hg,  bjpoblaal;  sv.  amreboid  uetU  dcriTed  from  bjpoLlaat;  a.t.  anhcnteMa. 

the  pemianent  mouth,  the  opeiiing  of  the  first  invagination  renaain- 
ing  as  the  permanent  anua  (fig.  248  A). 

These  changes  give  us  the  means  of  attaching  definite  nanics  to 
the  various  parts  of  the  embryo.  It  deserves  to  be  noted  in  the  first 
place  that  the  embryo  has  assumed  a  distinctly  bilateral  forra.  Thei* 
is  present  a  more  or  leas  concave  surface  extending  from  the  moulii  lo 
Dear  the  anus,  which  will  be  spoken  of  as  the  ventral  sorfsce.  The 
anus  is  situated  at  the  posterior  extremity.  'l"he  convex  sarface 
opposite  the  ventral  surface  forms  tlie  dorsal  Mirface,  which  LenniDat«M 
anteriorly  in  a  rounded  pnt>-oraI  prominence. 

It  will  be  noticed  in  tig.  2*8  A  that  in  addition  to  the  primitiv* 
aDal  invagination  there  is  present  a  vesicle  [v.p.).  This  veuole  is 
directly  formed  by  a  constriction  of  the  primitive  archenteron  (6f(. 
249  Vpv.),  and  is  called  by  Selenka  the  vaso- peritoneal  veaicle.  It 
gives  origin  to  the  epithelioid  lining  of  the  body  cavity  and  waUir-Tma- 
cular  system  of  the  adult'.  In  the  part*  now  developed  we  have  the 
rudiments  of  all  the  adult  oigaiis. 

The  mouth  and  anal  involutions  (after  the  separation  of  the  vaso> 
peritoneal  vesicle)  meet  and  unite,  a  constriction  indicating  tbeir 
point  of  junction  (tig.  248  B).     Eventually  the  former  gives  rise  to 

'  The  oTutin  of  the  tano-peritonoal  *eiii(<le  is  not  quite  the  uroe  in  all  the  apeeifB. 
In  Hololbaria  lubulou  it  is  Kparated  bom  the  ciecal  end  of  the  aicbcDteron  ;  Ih* 
remainder  of  which  tbcn  growa  towardi  the  oral  invaginatioij.  In  Cucnmkiu  Iha 
arebonteion  forks  (flfi.  3iB|:  and  one  fork  lonnii  the  laao- peritoneal  Teaicle,  utd  lli* 
other  the  major  part  of  tlie 
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the  mouth  and  ceaopha^s,  and  the  latter  to  the  remainder  of  the 
alimentary  canal '. 

The  vaso-peritoneal  vesicle  undergoes  a  series  of  remarkable 
chanma.  Ailer  Its  separation  from  the  archenteron  it  takes  up  a 
position  on  the  left  side  of  this,  elongateB  in  an  antero-poBterior  direc- 
tion, and  from  about  its  middle  sends  a  narrow  diverticulum  towards 
the  dorsal  surface  of  the  body,  where  an  opening  to  the  exterior 
becomes  formed  (fig.  248  B,  p.).  The  diverticulum  becomes  the 
madreporic  canal,  and  the  openmg  the  dorsal  pore. 

The  vaso-peritoneal  vesicle  next  divides  into  two,  an  anterior 
vesicle  (fig.  248  B,  w.v.),  hoia  which  is  derived  the  epithelium  of  the 
water-vascular  system,  aud  a  posterior  (fig.  248  B^.v.),  which  gives 
rise  to  the  epithelioid  lining  of  the  body  cavity.  The  anterior  vesicle 
(fig.  248  C,  w.v.)  becomes  five-lobed,  takes  a  horseshoe-shaped  form, 
and  grows  round  the  cesophagus  (fig.  236,  w.  v. r).  The  five  lobea  form 
the  rudiments  of  the  watei^vascular  prolongations  into  the  tentacles. 
The  remaining  parts  of  the  water-vascular  system  are  also  developed  as 
ou^rowths  of  tne  original  vesicle.   Five  of  these,  alternating  with  the 
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original  diverticula,  form  the  five  ambulacra!  canals,  from  which 
diverticula  are  produced  into  the  ambulacral  feet ;  a  sixth  gives  rise 
to  the  Polian  vesicle.  The  remaining  parts  of  the  original  vesicle 
form  the  water-vascular  ring. 

;o  how  moob  of  the  IattkI  owophagnt  it 
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We  must  suppose  that  eventuaUy  the  madreporic  canal  loses  it 
connection  with  the  exterior  eo  as  to  hang  loosely  in  the  interior,  thoi^l 
the  steps  of  this  process  do  not  appear  to  have  been  made  out 

The  original  hinder  peritonea 
vesicle  grows  rapidly,  ami  diridii: 
into  two  (fig.  248  C,  pi.  and  pr.) 
which  endrcle  the  two  sides  of  tbt 
alimentary  canal,  and  meet  abovi 
and  helow  it  The  outer  wall  of  eaci 
of  them  attaches  itself  to  the  akin 
and  the  inner  one  to  the  aliment- 
ary canal  and  water- vascular  sy» 
tern;  in  both  cases  the  walls  remaii 
separated  from  the  adjacent  part) 
by  a  layer  of  the  amoeboid  celli 
already  spoken  of.  The  cavity  ol 
the  peritoneal  vesicles  becomes  tbt 
permanent  body  cavity.  Whert 
the  walls  of  the  two  vesicles  meet 
on  the  dorsal  side,  a  meseoteiy 
suspending  the  alimentary  canal 
and  dividing  the  body  caviu-  longi- 
tudinally, is  often  formed.  In  othei 
part£  the  partition  wiUla  betwot-i 
the  two  BacKSappeartol)e  absorbed 
The  amoeboid  cells,  which  were  deriveii  from  the  invaginateai 
cells,  arrange  themselves  as  a  layer  ruuud  all  the  organs  (fig.  24il) 
Some  of  them  remain  amccboiil,  atUich  tlicmselves  tu  the  skin 
and  form  part  of  the  cutis ;  and  in  these  colls  the  calcareous  spicula 
of  the  larva  and  adult  are  formed.  Others  form  the  musculature  of  tht 
larval  alimentary  tract,  while  the  remainder  give  rise  to  the  muscula- 
ture and  connective  tissue  of  the  adult. 

The  development  of  the  vascular  ByHt<.'ni  is  not  known,  but  the  diucoven 
of  Kowaievsky,  confiruitrd  by  Selenka,  tiint  from  the  walla  of  tlie  water 
vatuMilar  syHt^-Di  corjiuacleB  are  Jevelojied,  identical  with  those  in  the  blood 
vesM-ls,  indicnteu  Uiat  it  probably  deve]u|»)  in  connection  with  the  wat«r 
vaHCuliir  syittt^ni.  The  obaervatioim  of  HotTinanu  and  Peixier  on  the  com 
iiiuiiii.'atiou  of  the  two  Byntenis  in  the  Ecliinoidoa  point  to  the  same  con 
elusion,  Tliough  nothing  very  definite  is  known  with  refenrnce  to  tht 
<leveto]iuii-nt  of  the  nervouii  syst^'m,  M«tJichiiikaff  snggetitii  that  it  develop 
in  uouufctton  with  tiie  thickencil  bsnils  of  epibliut  which  are  formed  hy 
a  nieta:jior|>hoNis  of  th«  ciliated  bands  of  the  embryo,  and  accompany  thi 
five  radial  tiibcH  (i-tV/e  p.  402).  In  any  eiuie  it«  condition  in  the  adul 
leaves  no  doubt  of  Its  lj«iiig  a  derivative  of  the  rpihlnat 

b'rom  the  above  description  the  following  general  conclusions  nia< 
Iw  drawn  :— 

(Ij     Tile  blastuspherc  stage  is  followe<l  by  u  giUjtrulu  stage. 
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(2)  The  gastrula  opening  forms  the  permanent  anus,  and  the 
mouth  is  formed  by  a  fresh  invagination. 

(3)  The  mesoblast  arises  entirely  from  the  invaginated  cells, 
but  in  two  ways : — 

(a)  As  scattered  amoeboid  cells,  which  give  origin  to  the  mus- 
cles and  connective  tissue  (including  the  cutis)  of  the  body  wall  and 
alimentary  tract. 

(6)  As  a  portion  separated  off  from  the  archenteron,  which 
gives  rise  both  to  the  epithelioid  lining  of  the  body  cavity,  and  of 
the  water-vascular  system. 

(4)  The  oesophagus  is  derived  from  an  invagination  of  the 
epiblast,  and  the  remainder  of  the  alimentary  canal  from  the  archen- 
teron. 

(5)  The  embryonic  systems  of  organs  pass  directly  into  those  of 
the  adult. 

The  development  of  Synapta  diverges,  as  might  be  expected,  to  a 
very  small  extent  from  that  of  Holothuria. 

Asteroidea.  in  Asterias  the  early  stages  of  development  conform  to 
our  type.  There  arise,  however,  two  bilaterally  symmetrical  vaso-peritoneal 
diverticula  from  the  archenteron.  These  diverticula  give  rise  both  to  the 
lining  of  the  body  cavity  and  water-vascular  system.  With  reference  to 
the  exact  changes  they  undergo  there  is,  however,  some  difference  of 
opinion.  Agassiz  (543)  maintains  that  both  vesicles  are  concerned  in  the 
formation  of  the  water- vascular  system,  while  Metschnikoff  (560)  holds 
that  the  water-vascular  system  is  entirely  derived  from  the  anterior  part 
of  the  larger  left  vesicle,  while  the  right  and  remainder  of  the  left  vesicle 
form  the  body  cavity.  Met8chnikoff*s  statements  appear  to  be  the  most 
probable.  The  anterior  part  of  the  left  vesicle,  after  separating  from  the 
I)Osterior,  grows  into  a  five-lobed  rosette  (fig.  260,  t),  and  a  madreporic 
canal  {h)  with  a  dorsal  pore  opening  to  the  exterior.  The  rosette  appears 
not  to  grow  round  the  oesophagus,  as  in  the  cases  hitherto  described.  But 
the  latter  is  stated  to  disappear,  and  a  new  oesophagus  to  be  formed,  which 
pierces  the  rosette,  and  places  the  old  mouth  in  communication  with  the 
stomach.  Except  where  the  anus  is  absent  in  the  adult,  the  larval  anus 
probably  |)er8ists. 

Ophioroidaa.  The  early  development  of  the  Ophiuroidea  is  not  so 
fully  known  as  that  of  other  types.  Most  species  have  a  free-swimming 
larva,  but  some  (Amphiura)  are  viviparous. 

The  early  stages  of  the  free-swimming  larvae  have  not  been  described, 
but  I  have  myself  observed  in  the  case  of  Ophiothrix  fragilis  that  the 
segmentation  is  uniform,  and  is  followed  by  the  normal  invagination.  The 
opening  of  this  no  doubt  remains  as  the  larval  anus,  and  there  are  probably 
two  outgrowths  from  tliis  to  form  the  vaso-peritoneal  vesicles.  Each  of  these 
divides  into  two  parts,  an  anterior  lying  close  to  the  oesophagus,  and  ^  pos- 
terior close  to  the  stomach.  The  anterior  on  the  right  side  aborts  ;  that 
on  the  left  side  becomes  the  water-vascular  vesicle,  early  opens  to  the 
exterior,  and  eventually  grows  round  the  oesophagus,  which,  as  in  Holu- 
thurians,  becomes  the  oesophagus  of  the  adult.  Tlie  posterior  vesicles 
give  rise  to  the  lining  of  the  body  cavity,  but  are  stated  by  Metschnikoff 
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to  be  at  first  solid,  and  oaiy  subBequently  to  acquire  a  carity 

nent  body  cavity.     The  amia  naturally  disappears,  since  it  is  Bha«nt 


nt  in  tiM  H 


vraiole;  r.  ciliftteil  ridge;  i 


GAlcareona  rod. 


MJutt.  In  the  \-iviparoUB  type  the  first  stages  are  imperfectly  known,  bat 
it  apjieaFH  that  the  bia«t«pai'e  vanishes  before  the  appearance  of  tb«  loOVtlL 
Tlio  development  of  the  vaso-jKritoneal  bodies  taken  place  fta  in  lbs 
free-swimming  larvte. 

Ecbiuoidea.  In  the  Echiooidea  (Agassii,  No.  541,  Selenk^.  No.  564) 
there  is  a  ret^iiinr  segmentation  and  the  normal  invagination  (&g.  2!H)  A^. 
The  amnboid  mMubiast  cells  arise  as  two  laterally  placed  ma«se«^  axiA  gint 
rise  to  the  usual  parts.  Tlie  archenteron  grows  forwards  and  bvndB  to- 
wards the  ventral  side  (tig.  250  B).  It  becomps  (fig.  350  C)  divided  into 
three  chambers,  of  which  the  two  Iiindermost  {</  and  r)  form  th«  Btomndi 
and  intestine ;  while  the  anterior  forma  the  cpsophagua,  and  gives  riae  to 
the  vaso-peritoneftl  vexicles.  Theee  latter  appear  as  a  pair  of  Ollt|p<OwtlM 
(fig.  251),  but  become  conxtricted  off  as  a  tinglt  two-homed  v«tieh,  which 
subsequently  divides  into  two.  The  l«ft  of  tliMM 
is  eventually  divided,  as  in  AstrroitU,  into  a 
{teritoneal  and  w a tet' vascular  sack,  whil«  U>e 
right  forma  the  right  peritoneal  sack.  An  or»l 
invagination  on  the  flattened  ventral  side  nweta 
the  mesenteron  after  its  separation  from  Um 
VBRo- peritoneal  veaicle.  The  larval  anas  pn- 
sinta,  as  also  do««i  the  larval  mouth,  but  owing 
ti)  the  manner  in  which  the  water-vuKular 
i"Mette  is  established  the  larval  lEsophMgna  »ff 
l-urs  to  be  absorbed,  and  to  be  replnced  by 
IL  frcah  (EsophngUH. 

Crinoidea.     Ant^-don,  the  only  Crtnoid   m 

far  studied  (Quite,  No.  549),  presenta  ■nmc  not 

lerable  variations  from  tlie  usual   EiJii- 

noderm  typo.     The  blastopore  is  placed  on  the 

•sopbtcn*;  V.  Tawvperito-     •omewhat    flattened   side   of  the   ovul    bUstn- 

nMlf«2ai*;r.aBl«anmtsn>d.     sphere,  and  not,  an  is  usual,  at  th«  hinder  atnd. 


I 


so  HA.  (From  Agai- 

I ;  d.  (tomacfa  ; 
V.   Taso-perito- 
r.OBlaaranasrod. 
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The  blaatopore  oompletelf  cloua,  knd  ia  not  oonverted  into  the  per- 
manent anna.  The  ftrchenteron  girw  rise  to  the  epithelioid  lining  of  both 
body  Mvity  and  water-vMcular 
Bystem.  Tfaeae  ports  do  not, 
homver,  appear  as  a  single  or 
paired  oetgrowth  from  the  ar- 
chenteron,  but  as  three  diBtinet 
outgrowths  which  are  not  form- 
ed MmtemporaneouBly.  Two  of 
them  are  first  formed,  and  be> 
come  the  future  body  cavity; 
but  their  lumens  remain  dis- 

tdnct.    Originatlj  appearing  as  P>o-  3^^    LoMatrcDiKiL   sbctioh   : 

lateral  outgrowths,   the  right    ^jn^™^"  "^'^     *^""°  Carpentai 
one  assumes  a  dorsal  po«itiou  ,'  .  .  ,       . 

J         J  I  *■       ■   i  "^   niBBenteron;    wn.    vster-Tsamuir  tins; 

and  sends  a  prolongation  into     Xp.  left  (oral)  peritoneal  venole;    rp.  right  peS- 
the  stalk  (fig.  252  rp),  and  the     ton«sl  TMiole;  rj,'.  oontiDoation  <A  right  TSaisU 
left  one  aasumes  firat  a  TentnJ,     into  the  stalk;  t\.  stalk. 
and  then  an  or^  position  (fig. 
262  Ip). 

The  third  out- 
growth of  the  archen- 
teron  gives  rise  to  the 
water-  vascular  v  eaicle. 
It  first  grows  round 
the  region  of  the  fu- 
ture msophagUB  and  so 
forms  the  water-vas- 
cular ring.  The  wall 
of  the  ring  then  grows 
towards  the  body  wall 
so  as  to  divide  the  oral 
(left)  peritoneal  vesicle 
into  two  distinct  ves- 
icles, an  anterior  and 
a  posterior,  shewn  in 
^.^f>Z,lp' axAlp.  Be- 
fore this  division  is 
completed,  the  wst«r- 
vascnlar  ring  is  pro- 
duced in  ^nt  into  a 
series  of  proceasea — 
the  future  tentacles 
(fig.  252,  tov) — ^which 
project  into  the  cavity 
of  the  oral  vesicle  (Ip). 
After  the  oral  peri- 
toneal space  has  be- 
come completely  di- 
vided into  two  parts, 
the    anterior    dilates 


Flo.  liSS.    IioitarTUDDMi.  sicnoM  r 

AX     ADTUfCBD      FSHTBlOBIHOm     AxTUKlR      I.1BT1      WITH 

issD  TssTiBin.s.    (From  Carpsnleii  after  OOtlv.) 

at.  epithelium  of  oral  Teatibtlle;   ■>.  mouth;    al.  me- 

iteron;  on.  rudiment  of  permanent  aniu;  If.  poitarior 

part  of  left  (oral)  peritoneal  laok;   Ip'.  anterior  part  of 

left   (oral)  pwitoneal  Mck;    wr.  water-TaHDlar  ring;    I. 

tentacle;    mt.  mewntet?;    tp.  right  peritoneal  tsok;   rp' . 

oontinuation  of  right  peritoneal  laok  mto  the  italk ;  r.  roof 

of  tentaonlar  Teatibnle. 
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(fig.  253,  Ip')  greatly,  and  forms  a  large  vestibule  at  the  auterior  end 
of  the  body.  This  vestibule  {Ip')  next  acquires  a  commanicataon  witk 
the  mesenteron,  shewn  in  fig.  253  at  m.  The  anterior  wall  of  thi« 
vestibule  is  finally  broken  through.  By  this  rupture  the  mesenteroii  it 
placed  in  communication  with  the  exterior  by  the  opening  at  m^  while  at 
the  same  time  the  tentacles  of  the  water-vascular  ring  (t)  project  freely 
to  the  exterior.  Such  is  Gotte's  account  of  the  prsd-oral  body  apaoe^  bat, 
as  he  himself  points  out,  it  involves  our  believing  that  the  lining  of  the 
diverticulum  derived  from  the  primitive  alimentary  vesicle  beocHnee  part  ol 
the  external  skin.  This  occurrence  is  so  remarkable,  that  nkore  evidence 
appears  to  me  requisite  before  accepting  it. 

The  formation  of  the  anus  occurs  late.  Its  position  appears  to  be  the 
same  as  that  of  the  blastopore,  and  is  indicated  by  a  papilla  of  the 
mesenteron  attaching  itself  to  the  skin  on  the  ventral  side  (^%>  253,  «m). 
It  eventually  becomes  placed  in  an  interradial  space  within  the  oral  diic 
of  the  adult.  The  water- vascular  ring  has  no  dnrect  communication  with 
the  exterior,  but  the  place  of  the  mac&eporic  canal  of  other  types  appean 
to  be  taken  in  the  larva  by  a  single  tube  leading  from  the  exterior  into  the 
body  cavity,  the  external  opening  of  which  is  placed  on  one  of  the  oral 
plates  {vide  p.  476)  in  the  next  interradial  space  to  the  right  of  the  anui^ 
and  a  corresponding  diverticulum  of  the  water-vascular  ring  opening  into 
the  body  cavity.  The  line  of  junction  between  the  left  and  right  peritoneal 
vesicles  forms  in  the  larva  a  ring-like  mesentery  dividing  the  oral  from  the 
aboral  part  of  the  body  cavity.  In  the  adult*  the  oral  section  of  the  larval 
body  cavity  becomes  the  ventral  part  of  the  circumvisceral  division  of  the 
body  cavity,  and  the  subtentacular  canals  of  the  arms  and  disc  ;  while  the 
aboral  section  becomes  the  dorsal  part  of  the  circumvisceral  division  of  the 
body  cavity,  the  ccoliac  canals  of  the  arms,  and  the  cavity  of  the  centro- 
dorsal  piece.  The  primitive  distinction  between  the  sections  of  the  larval 
body  cavity  becomes  to  a  large  extent  obliterated,  while  the  axial  and 
intei*visceral  sections  of  the  body  cavity  of  the  adult  are  late  developmenta 

The  more  important  points  in  the  development  indicated  in  the 
preceding  pages  are  as  follows : — 

(1)  The  blastosphere  is  usually  elongated  in  the  direction  of  the 
axis  of  invagination,  but  in  Comatula  it  is  elongated  transversely  to 
this  axis. 

(2)  The  blastopore  usually  becomes  the  permanent  anus,  but  it 
closes  at  the  end  of  larval  life  (there  being  no  anus  in  the  adult)  in 
Ophiuroids  and  some  Asteroids,  while  in  Comatula  it  closes  very 
early,  and  a  fresh  anus  is  formed  at  the  point  where  the  blastopore 
was  placed. 

(3)  The  larval  mouth  always  becomes  the  mouth  of  the  adult. 

(4)  The  archenteron  always  gives  rise  to  outgrowths  which  form 
the  peritoneal  membrane  and  water- vascular  systems.  In  Comatula 
there  are  three  sueli  outgrowths,  two  paired,  wliich  form  the  peritoneal 
vesicles,  and  one  unpaired,  which  forms  the  water- vascular  vesicle.  In 
Asteroids  and  Ophiuroids  there  are  two  outgrowths.     In  Ophiuroids 

'   Vide  p.  If.  Carpenter,  **0n  the  genus  Actinometra."     Linnean  Tmn$,^  2nJ  S«iM 
Zoology,  Vol.  II.,  Part  i..  1H79.  «-™». 
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both  of  these  are  divided  into  a  peritoneal  and  a  water-vascular  vesicle, 
but  the  right  water-vascular  vesicle  atrophies.  In  Asteroids  only  one 
water-vascuhu-  vesicle  is  formed,  which  is  derived  from  the  left  peri- 
toneal vesicle.  In  Echinoids  and  Holothuroids  there  is  a  single  vaso- 
peritoneal  vesicle. 

(5)  The  water- vascular  vesicle  grows  round  the  larval  (esophagus 
in  Holothuroids,  Ophiuroids,  and  Oomatula ;  in  these  cases  the  larval 
oesophagus  is  carried  on  into  the  adult.  In  other  forms  the  water- 
vascular  vesicle  forms  a  ring  which  does  not  enclose  the  oesophagus 
(Asteroids  and  Echinoids) ;  in  such  cases  a  new  ossophagus  is  formed, 
which  perforates  this  ring. 

Development  of  the  larval  appendages  and  metamorphoaia. 

Eolothnroidea.  The  young  larva  of  Syuapta,  to  which  J.  Miiller 
gave  the  name  Auricularia  (fig.  255),  is  in  many  respects  the  simplest 
form  of  Echinoderra  larva.    With 

a  few  exceptions  the  Auricularia  A.  b 

type  of  larva  is  common  to  the 
Holothuria 

It  is  (fig.  254  A  and  fig.  255) 
bilaterally  symmetrical,  preseut- 
iDg  a  flattened  ventral  surface, 
and  a  convex  dorsal  one.  The 
anus  (an)  is  situated  nearly  at 
the  hinder  pole,  and  the  mouth 
(m)  about  the  middle  of  the  ven- 
tral surface.  In  front  of  the 
mouth  is  a  considerable  process, 
the  pne-oral  lobe.  Between  the 
mouth  and  anus  is  a  space,  more 

or  less  concave  according  to  the     ^ ^  ^ 

age  of  the   embryo,  interrupted     pra-onl  oiluted  band. 

by  a  ciliated  ridge   a  little   in 

front  of  the  anus.    A  similar  ciliated  ridge  is  present  on  the  ventral 

surface  of  the  pne-oral  lobe  immediately  in  front  of  the  mouth.    The 


Fro.  aM.     A.    Tbk  i.un  or  l  Holo- 

HtTBOW.      B.    Tn  lAXWk  OF  Itf  ASTOKIID. 

M.  month;  •>.  Btomwh;  a.  uhu;  I.e. 
priniitlTe  longitndiiul  oili&tad  buid;  pr.e. 


ife^. 


FlO.  265.    DllORAMM AT10   nOITBIB  nEPBBSEHTIRO   THI   EVOLUTIOH  OV  AH  AUMCtTLiBll 

rmoH  TBI  iiHPLBBi  EoBiKoDKRM  ujno.  tnBM.     (Copied  from  Htlller.) 

The  biBck  line  reprsmnts  the  oiliated  ridge.    The  ehMled  p«rt  ii  the  (ml  side  of 
the  ring,  the  clear  p«rt  the  aboral  nde. 

m.   month;     an.  ftnlU. 
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anal  and  oral  ridges  are  ODimected  b^  two  lateral  ciliated  bands,  tb* 
whole  formiDff  a  continuouB  Inad, 
which,  since  the  mouth  lies  in  the 
centre  of  it  (fig.  255),  may  be  re- 
garded ss  a  ring  completelv  am- 
rounding  the  bodj  behind  the 
mouth,  or  mora  naturally  as  a 
loDgitudiDal  ring. 

The  bilateral  Auricularia  is  de- 
veloped &om  a  slightly  elongated 
gastnila  with  an  uniform  coveiing 
of  cilia.  The  gastnila  becomes 
flattened  on  the  oral  aide.  At  the 
same  time  the  cilia  hecooie  speciallv 
developed  on  the  oral  and  anal 
ridges,  and  then  on  the  remainder 
of  the  ciliated  ring,  while  they  are 
simultaneously  obliterated  else- 
where; and  so  a  complete  Auri- 
cularia is  developed.  The  water^ 
vascular  ring  in  the  fullT-developeid 
larva  has  already  considerably  ad- 
vanced in  the  growth  round  the 
aasophf^a  (fig.  256  w.r.r). 

Most  Holothurian  larvse,  in  their 
transformation  from  the  bilateral 
Auricularia  form  to  the  radial  form 
of  the  adult,  pass  through  a  stage 
in  which  the  cilia  form  a  number  of  transverse  rings,  usuuly  five  in 
number,  Rurrounding  the  body.  The  stages  in  this  metamorphosis 
are  shewn  in  figs.  256,  257,  and  258. 

The  primitive  ciliated  band,  at  a  certain  stage  of  the  metamorpho- 
sis, breaks  up  into  a  number  of  separate  portions  (fig.  256),  the  whole 
of  wiiich  are  placed  on  the  ventral  surface.  Four  of  these  (fig,  257  A 
and  B)  arrnngc  themselves  in  the  form  of  an  angular  ring  round  the 
mouth,  which  at  this  period  projects  considerably.  The  remaining 
portions  of  the  primitive  band  change  their  direction  from  a  loiigitudi- 
nal  one  to  a  transverse  (fig.  257  B),  and  eventually  grow  into  com- 
plete rings  (fig.  257  C).  Of  these  there  are  five.  The  middle  one 
(257  B)  13  the  first  to  develop,  and  is  formed  from  the  dorsal  parts  of 
the  primitive  ring.  The  two  hinder  rings  develop  next,  ana  last  of 
all  tne  two  antenor  ones,  one  of  which  appears  to  be  in  front  of  the 
mouth  (fig.  257  C). 

The  later  development  of  the  mouth,  and  of  the  ciliated  ridge 
snrrounding  it,  is  involved  in  some  obscurity.  It  appears  from 
Mctschnikoff  (No.  560)  that  an  invagination  of  the  cesophagus  takes 
place,  carrying  with  it  the  ciliated  ridge  around  the  mouth.  This 
ridge  becomes  eventually  converted  into  the  covering  for  the  five 


Fio.  2SA.  Ftn.i^oHoim  uan  or  Stu- 
trtk.    (After  HeUcbnikolI.) 

M.  month;  tt.  BtomMh;  a.  mnu*; 
f,v,  left  diviiioD  al  periTUctnl  eavit;, 
which  ia  itill  oonnected  with  (he  water- 
vueolar  ijitem  ;  w.p.r.  watBr-VMflulu' 
ring  whfeb  hu  not  ]«t  completely  en- 
oireled  (he  ceBopbaffu*  1  f.c.  longitadiDsl 
put  or  dilated  band ;  fT.c.  pi>-ot»l  part 
of  filiated  band. 
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tautacular  outgrowths  of  the  water-vascular  ring  (fig.  258),  and  possi- 
bly also  forms  the  nervous  system. 

The  opening  of  the  oesophageal  invagination  is  at  first  behind  the 
foremost  ciliated  ring,  but  eventually  comes  to  lie  in  front  of  it,  and 
assumes  a  nearly  terminal  though  slightly  ventral  position  (fig.  258). 
No  account  has  been  given  of  the  process  by  which  this  takes  place, 
but  the  mouth  is  stated  by  Metschuikoff  (though  MuUer  differs  from 
him  on  this  point)  to  remain  open  throughout.  The  further  changes 
in  the  metamorphosis  are  not  considerable.  The  ciliated  bands  dis- 
appear, and  a  calcareous  ring  of  tea  pieces,  five  ambulacral  and  five 
interambulacral,  is  formed  round  the  cesophagus.  A  provisionid 
calcareous  skeleton  is  also  developed. 

All  the  embryonic  Systems  of  organs  pass  in  this  case  directly  into 
those  of  the  adult. 

The  metamorpliosU  of  most  Holothurmdea  is  simiJu-  to  that  just  do- 
ecribed.  In  Cucutouria  (Seleoka)  thore  is  however  no  Auricularia  stage,  and 
the  uniformly  ciliated  stage  is  succeeded  by  one  with  five  transverse  bu^ds  of 
cilia,  and  a  pne-oral  and  an  anal  ciliated  cap.    l^e  mouth  is  at  finit  situated 


Fio.  357.    Threie  htaoib  ih  the  nEntLOPVERT  or  Stnapt«.     A  Mid  B 
from  the  TeotrsI  Bortace,  and  C  from  the  Hide.    (Afto  MetsohDikoff.) 

m.  month;  ot.  siophagaB;  pv.  vails  of  the  pfriTiMertl  oaTity ;  tra.  lonftitndinal 
vesBsl  of  the  wa(«r-vaBonlar  ijiiteiu;  p.  dorsal  pore  of  water- TttscnUr  ifflten);  ct. 
eiliated  ring  farmed  ronnd  (be  month  from  parts  of  the  primitive  ciliated  baud. 

ventrally  behind  the  pne-oral  cap  of  cilia,  but  th«  pne-or&I  cap  becomes 
gradually  abMrbed,  and  the  mouth  assumes  a  terminal  position. 

In  FsohnuB  (Kowalevuky)  there  is  no  embryonic  ciliated  stage,  and  the 
adult  condition  is  attained  without  even  a  metamor[iho8i&     There  appear 


BI  FINN  ARIA. 


(After  Metschni- 


Tbe  fiKQre  nbevs  the  veatlbnlsr  cavitv 
with  retracted  tentadeB;  Ibe  oiliated  bandii; 
tbe  water- vftBcnlar  gyatem,  etc. 

p.  dorsftl  pore  of  water-vanoular  BjBtem  ; 
pp.  wallflof  periviBoentl  cavity;  mt.  biihp- 
boid  celis. 


to  be  tive  plutea  surrounding  thv 
mouth,  -which  are  deTelojied  before 
any  other  part  of  the  skeletou,  and 
are  regarded  by  P.  H.  C'arpent*T 
(No.  548)  as  equivalent  to  the  five 
oral  plates  of  the  Crinoidea.  The 
larval  condition  with  uiliat«d  band* 
iH  oft«n  Hpokun  of  as  the  pupa  stagr, 
and  during  it  the  lorvffi  of  Holo- 
thurians  proper  use  their  enibryoDic 
tul)e  feet  to  creep  about. 

Afiteroidea.  Tbe  commonest 
and  most  thoroughly  investigated 
form  of  Asteroid  larva  is  a  free 
Bwimming  form  known  as  Bipin- 

Tliis  form  in  passing  from  the 
spherical  tothebilateralcoudition 
passes  through  at  first  almost 
identical  changes  to  the  Auricu- 
larian  larva.  The  cilia  become 
at  an  early  period  confined  to  an 
oral  and  anal  ridge. 

The  anal  ridge  gradually  ex- 
tends dorsalwards,  and  fiaally 
forms  a  complete  longitudinal 
post-oral  ring  (fig.  259  A) ;  the 
and  forms  a  closed  pneoral  ring 
which    is  left   unshaded    in    my 


oral  ridge  also  extends  dorsalward: 
(fig.    259   A),   the    space    within 

The  presence  of  two  rings  instead  uf  one  distinguishes  the  Bipin- 
nana  from  the  Auricularia.  The  two  larvsa  are  shewn  side  by  side  in 
fig.  254,  and  it  is  obvious  that  the  two  bands  of  the  Bipinnaria 
are  (as  pointed  out  by  Gegenbaur)  equivalent  to  the  single  band  of 
the  Auricularia  divided  into  two.  Ontologically,  however,  the  two 
bands  of  Bipinnaria  do  not  appear  to  arise  from  the  division  of  a  single 
band. 

As  the  Bipinnaria  grows  older,  a  series  of  arms  grows  out  along 
lines  of  the  two  ciliated  bands  (fig.  259  C),  and,  in  many  cases,  three 
special  arms  are  formed,  not  connected  with  the  ciliated  bauds,  and 
covered  with  warts.  These  latter  arms  are  known  as  brachiolar  arms, 
and  the  larvai  provided  with  them  as  Brachiolaria  (fig.  259  D). 

As  B  rule  the  following  arms  can  be  diatinguiBbed  (fig.  259  C  ami  P), 
on  the  hinder  ring  (Agassiz'  nomenclature)  a  median  auol  pair,  a  dorsal 
ansl  pair,  nnd  a  ventral  anal  pair,  a  dorsal  oral  pair,  and  an  un[tair«>l 
anterior  doroal  arm  ;  on  the  pneoral  ring  a  ventral  oral  p^,  and  sometimes 
(Mliller)  an  uu|>aii-ed  aDterior  ventral  arm. 

The  three  firachiolnr  arms  arise  lui  proeeF^ses  from  the  base  of  tlip  uit- 
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paired  dorsal  arm,  and  the  two  ventral  oral  ar 
developniMit  of  the  arms  varies  with  the  species. 


Q^.<^' 


The  extent  of  the 


Fta.  369.       DlAOBUnUTIQ    HEFBUKHUTIOIt    or   TABIOUH   FOHMB   OF   AbIEROID    UBVX. 

A,  B,  0,  BiPDiKiRu ;  D,  BiucHtOLisu.     (Copied  from  Miiller.) 
The  black  lines  Tepresent  tfa*  ciliated  bands  ;  and  the  iliading  the  spsoe  between 
the  piffi-oral  and  the  poet-oral  bands. 

m.  mouth  ;    an.  anug. 

The  changes  by  which  the  Bipionaria  or  Brachiolaria  becomes 
converted  into  the  adult  starfish  are  very  much  more  complicated 
than  those  which  take  place  in  Holothuriaos.  For  an  accurate  know- 
ledge of  them  we  are  lai^y  indebted  to  Ales.  Agassiz  (No.  543). 
The  developmeut  of  the  starfish  takes  place  entirely  at  the  posteiior 
end  of  the  larva  close  to  the  Btomach. 

On  the  right  and  dorsal  side  of  the  stomach,  and  estemally  to  the 
right  peritoneal  space,  are  formed  five  radially  situated  calcareous 
rods  arranged  in  the  form  of  a  somewhat  irregular  pentagon.  The 
surface  on  which  they  are  deposited  has  a  spiral  form,  and  consti- 
tutes, together  with  its  calcareous  rods,  the  abactinal  or  dorsal 
surface  of  the  future  starfish.  Close  to  its  dorsal,  i.e.  embryonic 
dorsal,  edge  lies  the  dorsal  pore  of  the  water-vascular  system  (madre- 
poric  canal),  and  close  to  its  ventral  edge  the  anus.  On  the  left  and 
ventral  side  of  the  stomach  is  placed  the  water-vascular  rosette,  the 
development  of  which  was  described  on  p.  54<7.  It  is  situated  on  the 
actinal  or  ventral  surface  of  the  future  starfish,  and  is  related  to  the 
left  peritoneal  vesicle. 

MetscbniknfT  (Ni>.  560)  and  Agassiz  (No.  543)  differ  slightly  as  to  the 
conHtitution  of  the  wat«r- vascular  rosette.  The  former  desciibes  and  figures 
it  as  a  complete!;'  closed  rosette,  the  latter  states  that  'it  does  not  form  a 
completely  closed  curve  but  is  alwsys  open,  forming  a  sort  of  twisted 
crescent-shaped  arc.' 

The  water- vascular  rosette  is  provided  with  five  lobes,  correspond- 
ing to  which  are  folds  in  the  larval  skin,  and  each  lobe  corresponds 
to  one  of  the   calcareous  plates   developed  on   the  ■^■'^"^1  disc. 
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The  plane  of  tlie  actin&I  surface  at  first  meets  that  of  the  afaoctiiul 
at  an  acute  or  nearly  right  angle.  The  two  sur^tccs  are  separated  br 
the  whole  width  of  the  storaacb.  The  generul  appearance  uf  the 
larva  from  the  ventral  Burface  after  the  development  of  the  water- 
vascular  rosette  (i)  and  abactioal  disc  {A)  is  shewn  in  fig.  260. 

As  development  proceeds  the  aluictinal  surface  becomes  a  finn 
and  definite  disc,  owing  to  the  growth  of  the  original  calcareous 
^icules  into  more  or  less  definite  plates,  and  to  the  tlevelopmeot  of 
five  fresh  plates  nearer  the  centre  of  the  disc  and  interradial  in 
position.  Still  later  a  central  calcareous  plate  appears  on  the  abactinal 
surface,  which  is  tlius  formed  of  a  central  plate,  surrounded  by  a 
ring  of  five  interradial  plates,  and  then  again  by  a  ring  of  five  radial 
plates.  The  abactinal  disc  now  also  grows  out  into  five  short  pro- 
cesses, separated  by  five  shallow  Dotches.  These  processes  are  the 
rudtmeDts  of  the  five  arms,  and  each  of  them  corresponds  to  one  of 
the  lobes  of  the  water-vascular  rosette.  A  calcareous  deposit  ia 
formed  round  the  opeuing  of  the  water- 
'  vascular  canal,  which  becomes  the  madre- 

poric  tubercle'.  At  about  this  Htage  the 
absorption  of  the  larval  appendages  takes 

{)lace.  Tlie  whole  anterior  part  of  the 
arva  with  the  great  pne-or&l  lobe  has 
hitherto  remained  unchanged,  but  now  it 
contracts  and  imdergocs  absorption,  and 
becomes  cumplctoly  withdrawn  iuto  the 
disc  of  the  future   stivrfisb.      The    larval 


mouth  is  trans[)orto<l  iuto  the  centre  of 
the  actinal  disc.  In  the  larva;  observed 
by  Agassiz  and  MetschnikofF  nothing  was 
cast  otf,  but  the  whole  absorbed. 

According  to  Milller  and  Korf>Q  and 
Danielxscn  this  ia  not  the  case  in  the  larva 
obseri'ed  hy  tliem,  but  part  of  the  lan-a  i> 
thrown  off,  and  lives  for  some  time  inde- 
pendently. 

After  the  absorption  of  the  larval  ap- 
pendages the  actinal  and  abactinal  surfaces 
uf  the  young  starfish  approach  each  other, 
owing  to  the  flattening  of  the  stomacli ;  at 
the  same  time  they  lose  their  spiral  form, 
and  become  flat  discs,  wliich  fit  each 
otlier.  E^h  of  the  lobes  of  the  rosette 
of  the  water- vascular  system  becomes  one  of  the  radial  water- 
vascular  canals.      It    first    becomes   five-lobcd,   each    lobe   funning 

'  Tha  exact  poaition  of  the  madreporic  tabcrclc  in  relation  to  the  abMtinal  platca 
doea  not  aeeiii  to  have  been  mailc  out.  It  might  have  been  antidpated  that  it  would  tc 

Cd  in  one  u[  the  primary  interradial  plate*,  but  thia  does  not  aeem  to  be  the  emm. 
poaitioQ  ot  the  aniu  ia  alao  obscure. 


Fta.  360.  BiPiHNARrx  uhva 
or  AS  ABTKaoiu.  (From  Ue- 
genbani;  after  UiiUer.) 

b.  mouth ;  a.  amu;  h.  ma- 
dreporic canal ;  i.  ambnlacral 
rosette;  c  ati'macb;  d.  g.  t. 
etc.  arm*  of  Bipinuaria;  A. 
abactiii&l  disc  of  jonug  Asteroid. 
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a  rudimentary  tube  foot,  and  on  each  side  of  the  middle  lobe  two 
fresh  ones  next  spring  out,  and  so  on  in  succession.  The  terminal 
median  lobe  forms  the  tentacle  at  the  end  of  the  arm,  and  the  eye  is 
developed  at  its  base.  The  growth  of  the  water-vascular  canals  keeps 
pace  with  that  of  the  arms,  and  the  tube  feet  become  supported  at 
their  base  by  an  ingrowth  of  calcareous  matter.  The  whole  of  the 
calcareous  skeleton  of  the  larva  passes  directly  into  that  of  the  a^lult, 
and  spines  are  very  soon  formed  on  the  plates  of  the  abactinal  surface. 
The  ori^nal  radial  plates,  together  with  the  spines  which  they  have, 
are  gradually  pushed  outwaras  with  the  growth  of  the  arms  by  the 
continual  addition  of  fresh  rows  of  spines  between  the  terminal  plate 
and  the  centre  of  the  disc.  It  thus  comes  about  that  the  original 
radial  plates  persist  at  the  end  of  the  arms,  in  connection  with  the 
unpaired  tentacles  which  form  the  apex  of  the  radial  wat^r-vascular 
tubes. 

It  has  already  been  mentioned  that  according  to  Metschnikoff  (No.  560) 
a  new  oesophagus  is  formed  which  perforates  the  water- vascular  ring,  and 
connects  the  original  stomach  with  the  original  mouth.  Agassiz  (No.  543) 
maiDtaius  that  the  water- vascular  ring  grows  round  the  primitive  oesophagus. 
He  says — "  During  the  shrinking  of  the  larva  the  long  oesophagus  becomes 
** shortened  and  contracted,  bringing  the  opening  of  the  mouth  of  the  larva 
**to  the  level  of  the  opening  of  the  oesophagus,  which  eventimlly  becomes 
'Hhe  true  mouth  of  the  starfish.''  The  primitive  anus  is  believed  by 
Metschnikoff  to  disappear,  but  by  Agassiz  to  remain.  This  discrepancy 
very  possibly  depends  upon  these  investigators  having  worked  at  different 
S2)ecies. 

There  is  no  doubt  that  the  whole  of  the  larval  organs,  with  the 
possible  exception  of  the  oesophagus,  and  anus  (where  absent  in  the 
adult),  pass  directly  into  the  corresponding  organs  of  the  starfish — and 
that  the  prse-oral  part  of  the  body  and  arms  of  the  larva  are  absorbed 
and  not  cast  off. 

In  addition  to  the  Bipinnarian  type  of  Asteroid  larva  a  series  of 
other  forms  has  been  described  by  Miiller  (No.  561),  Sars,  Keren,  and 
Danielssen  (No.  554)  and  other  investigators,  which  are  however  very 
imperfectly  known.  The  best-known  form  is  one  first  of  all  discovered 
by  Sars  in  Echinaster  Sarsii,  and  the  more  or  less  similar  larvae  subse- 
quently investigated  by  Agassiz,  Busch,  MiQler,  Wyville  Thomson,  etc, 
of  another  species  of  Echinaster  and  of  Asteracanthion.  These  larvae  on 
leaving  the  ogg  have  an  oval  form,  and  are  uniformly  covered  by  cilia.  Four 
processes  (or  in  Agassiz'  type  one  process)  grow  out  from  the  body  \  by  these 
the  larvse  fix  themselves.  In  the  case  of  Echinaster  the  larvae  are  fixed  in  the 
ventral  concavity  of  the  disc  of  the  mother,  between  the  five  arms,  whera  a 
temporary  brood-pouch  is  established.  The  main  part  of  the  body  is  con- 
verted directly  into  the  disc  of  the  young  starfish,  while  the  four  processes 
come  to  spring  from  the  ventral  surface,  and  are  attached  to  the  water- 
vascular  ring.  Eventually  they  atrophy  completely.  Of  the  internal 
structure  but  little  is  known ;  till  the  permanent  mouth  is  formed,  after 
the  development  of  the  young  starfish  is  pretty  well  advanced,  the  stomach 
has  no  communication  with  the  extenor. 

30     2 
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A  second  abnormal  type  of  development  is  presented  by  the  embryo 
of  Pteraster  miliaris,  as  described  by  Koren  and  Danielssen'.  Tlie  lar>'» 
to  the  number  of  eight  to  twenty  develop  in  a  peculiar  pouch  on  the  donal 
surface  of  the  body.  The  early  stages  are  not  known,  but  in  the  lat«r 
ones  the  whole  body  assumes  a  pentagonal  appearance  with  a  mouth  at 
one  edge  of  the  disc.  At  a  later  stage  the  anus  is  formed  on  the  dorsal 
side  of  an  arm  opposite  the  mouth.  The  stomach  is  surroundod  by  a 
water- vascular  ring,  from  which  the  madreporic  canal  i)a88es  to  the  donoJ 
surface,  but  does  not  open.  At  a  later  stage  the  embryonic  mouth  and 
anus  vanish,  to  be  replaced  by  a  permanent  mouth  and  anu8  in  the  normal 
positions. 

A  third,  and  in  some  respects  very  curious,  form  is  a  worm-like  larva 
of  MUlIer,  which  is  without  bands  of  cilia.  The  dorsal  surface  of  the 
youngest  larva  is  divided  by  transverse  constrictions  into  five  aegment«. 
On  the  under  side  of  the  first  of  these  is  a  five-lobed  disc,  each  lobe  being 
provided  with  a  pair  of  tul)e  feet. 

At  a  later  period  only  three  segments  are  visible  on  the  dorsal  surface, 
but  the  ventral  surface  has  assumed  a  pentagonal  aspect.  The  later  stages 
are  not  known.. 

Ophioroidea.  The  full-grown  larva  of  the  Opbiuroids  is  known 
as  a  Pluteus.  It  commences  with  the  usual  more  or  less  spherical 
form ;  from  this  it  passes  to  a  form  closely  resembling  that  of  Auricu- 
laria  with  a  rounded  dorsal  surface,  and  a  flattened  ventral  one.  Soon 
however  it  becomes  distinguished  by  the  growth  of  a  post-anal  lobe 
and  the  absence  of  a  prae-oral  lobe  (fig.  2G1  B).  The  post-anal  lobe 
forms  the  somewhat  rounded  apex  of  the  body.  In  front  of  the 
mouth,  and  between  the  mouth  and  anus,  arise  the  anal  and  oral 
ciliated  ridges,  which  soon  become  continued  into  a  single  longitu- 
dinal ciliateil  ring.     At  the  same  time  the  body  becomes  prolonged 


Fid.      201.         I>lAORAMMATIC      riOURKK      RHEWINO      THK      RVOLUTION      OF      AN      OPHITBOII* 

pM'TKrH  FuoM  A  RiMPLK  EcHiNoDF.RM  LARVA.     (Copied  ffom  MiUler.)     The  cal- 

carcouH  Hkclvton  Ib  not  repreHentod. 

in.  mouth;    an.  aunn;    d.  anterior  armH;    <f.   lateral  armn;    e'.  posterior  m* 
pf .  anteri)lateral  amiH. 

'  The  following  stateracntu  are  taken  from  the  abstract  in  Bronn's  ThifrreickM. 


ECHINODERMA  TA. 


469 


into  a  series  of  pi-ocesses  along  the  ciliated  band,  which  is  continued 
to  the  extremity  of  each.  The  primitive  ciliated  ring  never  becomes 
broken  up  into  two  or  more  rings.  A  ciliated  crown  is  usually 
deveIope«l  at  the  extremity  of  the  post-anal  lobe.  The  arms  are 
atrangeil  in  the  form  of  a  ring  surrounding  the  mouth,  and  are  all 
directed  fi)rwarda 

The  first  arms  to  appc«r  are  two  lateral  <mf»,  which  usually  re- 
main the  moat  conspicuous  (tig.  261  B  aud  C,  d').  Next  arises  a  pair  on 
the  sides  of  the  mouth,  which  may  be  called  the  mouth  or  anterior  armi) 
(C,  d).  A  [>air  ventral  to  and  behind  the  lateral  arms  is  then  formed, 
constituting  the  poflterior  arms  (D,  e'),  and  finally  a  pair  between  the  lateral 
arms  and  the  anterior,  constituting  the  anterolateral  arms  (D,  g'). 

The  concave  area  between  the  arms  forms  the  greater  part  of  the 
ventral  surface  of  the  body.  Even  before  the  appearance  of  any  of 
the  arms,  and  before  the  formation  of  the  mouth,  two  calcareous  rods 
are  formed,  which  meet  behind  at  the  apex  of  the  postanal  lobe,  and 
are  continued  as  a  central  support  into  each  of  the  arms  as  they  are 
successively  formed.  These  rods  are  shewn  at  their  full  development 
in  fig.  2G2.  The  important  points 
which  distinguish  a  Fhitcus  larva 
from  the  Auricularia  or  Bipinnaria 
are  the  following : 

(1)  The  presence  of  the  post-anal 
lobe  at  the  hind  cnil  of  the  body. 
(2)  The  slight  development  of  a  pne- 
oral  lobe.  ^3)  The  provisional  calca- 
reous skeleton  in  the  larval  arms. 

Great  variations  are  presented  in 
the  development  of  the  arms  and  pro- 
visional skeleton.  The  presence  of 
lateral  arms  is  however  a  dintinctive 
characteristic  of  the  Ophiuroid  Plu- 
teus.  The  other  arms  may  be  quite 
absent,  but  the  lateral  arms  never. 

The  formation  of  the  permanent 
Ophiuroid  takes  place  in  much  the     Ophicroid.    (From  Gegenfa»ur:  after 

same  way  as  in  the  Asteroidea,  "  ,*'"'  ,.       .   ,  ^.  . . 

■'  A.  rodimenl  of  yonng  Opbiuroid; 

There    ia   formed    (fig.  262)    on    the      d\  lateral  tna*:    d.  anterior  anna; 
right    and   doraal   side  of  stomach  the     '  ■  V<"^^"°^  a™"- 
abnctina]    disc  supported  by  calcareous 

plates,  at  first  only  five  in  number  and  radial  in  position'.  The  disc  is  at 
first  not  symmetrical,  hut  becomes  so  at  the  time  of  the  resorption  of  the 
larval  arms.  It  grows  out  into  five  processes — the  five  future  raya  The 
original  five  radial  plates  remain  as  the  terminal  segments  of  the  adult 


Fio.  Wi. 


<  Whether  interrsdial  plates  are  deraloped  ai 
to  be  found  in  Ophiopholii  belli*,  AgaMU,  hnt  hi 
iridt  Cupeotw,  Ho.  JI4B,  p.  SW). 
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rays,  and  new  plates  are  always  added  between  the  ultimate  and  p«n 
ultimate  plate  (Uttller),  though  it  i«  probable  that  in  the  later  stages  fral 
plates  are  added  in  the  disc. 

The  ventral  surface  of  the  permanent  Ophiuroid  is  formed    bj  tbi 
concave  surface  between  the  mouth  aud  anus.     Between    tbia    and  Um 


Fia.  388.      DiAOiUHiUTio  Ftotnus   shewiko   t 

(Copied  from  Uuller.)    Tho  calcueoQS  akelctan  i. 

of  Spatongufl. 

n.  mouth;  an.  anus-,  d.  ftnterioc  arms;  d'.  point  where  IstanJ  onni  arise  in  Ibi 
Ophiuroid  Pluleua ;  e.  uitcioLuterual  amiB ;  t'.  posteiior  aims  ;  g'.  autarolaloral 
anni;    g.  auteroeitenul  lumB. 

stomach  in  nituated  the  water- vascular  ring.  It  is  at  first  not  closed,  bal 
is  horscHlioe-Biiaped,  with  tive  Mind  appendage)*  (tig.  2G3).  It  eventually 
grows  nmnd  the  rcsophagus,  which,  together  with  the  larval  moutfa,  ii 
retained  in  the  adult.  Tlie  tivo  blind  apjiendagps  Ixxmnie  themselves  loh«d 
in  the  same  way  ait  iu  ARterinH,  aud  grow  ont  along  the  five  arms  of  tJie  disc 
and  become  the  radial  caiuils  nud  tentacles.  All  these  parts  of  the  water- 
vaoculur  Hyatem  are  of  cnume  covi-red  hy  akin,  and  probably  also  SIiiroUBded 
by  meBoblofit  cellfl,  in  which  at  a  Liter  jieriod  the  calcareous  platen  whidi 
lie  ventral  to  tjie  radial  cimal  are  formed.  The  larval  anus  disapfieara 
As  long  HD  the  larval  appcn<lages  arc  not  aliaor)>cd  thn  ventral  and  dorsd 
discH  of  the  {H>rmaneut  Ophiuroid  fit  as  little  tui  in  the  case  of  the  Brachio- 
laria,  but  at  a  certain  period  the  ap]M-]idageu  are  absorbed.  The  calcareoui 
ruda  of  the  hirviil  urmx  break  up,  the  arms  and  anal  lobe  become  abaortied, 
and  the  dorsal  and  ventral  dJocis  with  the  intervening  stomach  and  otbei 
orgaiui,  are  nlune  left.  After  thia  the  discH  fit  together,  and  there  is  thai 
(ormi'd  a  coniplet4»  young  0]>hiHroi<l. 

The  whole  of  the  internal  organa  o!  the  larva  (except  the  anus). 
incluilinf!  the  mouth,  lexophugus,  the  Uidy  cavity,  etc.  are  carried  nn 
directly  iutti  the  adidt. 

The  larval  skeleton  is,  rh  aliove  atjited.  Rbnorlie<l. 

The  vivi]>iin)nM  lan,-a  of  Aniphiura  wiiiaiDiita  docs  not  di^r  verj 
greatly  fnun  the  htrvw  with  very  imjierfect  amw.  It  does  not  develo]!  i 
distinct  ciliat'-il  luind,  and  tlie  lawvisional  akeleten  in  very  imperfect,  Th« 
altseiice  of  thew  luu-bi,  oh  wi-Il  an  of  the  anus,  mentioned  on  p.  -158,  may  jiro 
l«hly  \ni  comdated  with  tin-  vivi|Nirvus  habits  of  the  larva.  With  refervii« 
to  the  [laKHagi-  i>f  this  lami  into  the  adidt  there  Ih  practically  nothini;  t^ 
nd-1   tn  what  luiH  just  b«-i'ii  Hlatinl.      When  the  <levelo|>ment  of  tbe  ailtilt  ii 
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fairly  atlranced  tlie  part  of  the  body  with  the  provJHional  skeleton  f<irin8  an 
elongiLtnd  rod-like  process  attached  to  the  developing  diiic.  It  becomeis 
eventually  absorbed. 

Echinoidea.  The  Echinus  larva  (fig.  263)  has  a  Pluteus  form 
like  that  of  the  Ophiuroids,  and  in  most  points,  such  as  the  presence  of 
the  anal  lobe,  the  ciliated  band,  the  provisional  skeleton,  eto.,  develops 


Fin.  2U4.       Two    LABV*    0»    STnONUTLOCKNTHUa.       (Froi 

ni.  mouth;  a.  aniip ;  n.  (eaophaRiiB ;  rf.  stomach;  c,  inteBtine;  v'.  and  v,  ciliated 
ridgen;    ic.  water-vancular  tube;    r.  calcareous  rods. 

in  the  same  manner.  The  chief  difference  between  the  two  Flu1«itB 
forms  concerns  the  development  of  the  lateral  arms.  These,  which 
form  the  most  prominent  arms  in  the  Ophiuroid  Pluteus,  are  entirely 


Fm.  265.     Latkkxl  a.mj  vcsTim.  yikh  oi-  a  uuta 

Of    SiRONOYLOCENTEUS 

(From  ARa&fliE.)     (.leiieral  referemios  an 

in  fig.  264. 

r  armB;    «"'.  anterior 
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absent  in  the  Echinoid  Pluteus,  which  accordingly  has,  as  a  rule,  a 
much  narrower  form  than  the  Ophiuroid  Pluteus. 

A  pair  of  ciliated  epaulettes  on  each  side  of  and  behind  the  ciliated 
ring  is  very  characteristic  of  some  Echinoid  larvae.  They  are  origi- 
nally developed  from  the  ciliated  ring  (fig.  26C  A  and  B,  v^').  l%e 
presence  of  three  processes  from  the  anal  lobe  supported  by  calcmoui 
rods  is  characteristic  of  the  Spatangoid  Pluteus  (ng.  263  E). 

The  first  two  pairs  of  arms  to  develop,  employing  the  same  names  •■  ia 
Ophiuroids,  are  the  anterior  attached  to  the  oral  process  (fig.  2G3  C»  A  sad 
the  posterior  pair  {e).  A  pair  of  ant/erolateral  arms  next  becomes  devsHped 
{g\  A  fourth  pair  (not  represented  in  Ophiuroids)  appears  on  tlie  isMr 
Bide  of  the  anterior  pfdr  forming  an  anterointernal  liair  (0),  and  in  tlie  8^ 
tangoid  Pluteus  a  fifth  pair  may  be  added  on  the  external  side  of  tk 
anterior  pair  forming  an  anteroextemal  pair  {g). 

Each  of  the  first-formed  paired  calcareous  rods  is  composed  of  tlires  {SO- 
cesses,  two  of  which  extend  into  the  anterior  and  posterior  arms;  and  tke 
third  and  strongest  passes  into  the  anal  lobe,  and  there  meets  its  lUlow 
(fig.  26»5).  A  transverse  har  in  front  of  the  arms  joins  the  rods  of  the  two 
sides  meeting  them  at  the  |X)int  wliere  the  three  processes  divergSL  TW 
process  in  the  anterolateral  arm  (fig.  2Q(i  B)  is  at  first  independent  of  this 
syHtom  of  rods,  but  eventually  unites  >vith  it.  Although  our  knowledge  of 
the  Pluteus  tyi>es  in  the  different  groups  is  not  sufficient  to  generalise  with 
great  confidence,  a  few  |)oints  seem  to  have  been  fairly  determined'.  .  Tlw 
Plutei  of  Htrongylooentrus  (figs.  26G  and  267)  and  Echinus  have  eight  arms 
and  four  ciliated  epaulottoH.  The  only  Cidaris-like  form,  the  Pluteus  of 
which  is  known,  is  Arbacia:  it  [>ix»cut8  certain  peculiarities.  Tlie  anal  lobe 
dcvelo})*)  a  pair  of  posterior  (auricular)  ap])endage8,  and  the  ciliated  ring, 
lH*Hid<*8  growing  out  into  the  normal  eight  appendages,  has  a  pair  of  tdiort 
blunt  anterior  and  |K>»t<rrior  1o1»oh.  An  cxtni  pair  of  non-ciliated  accessory 
mouth  anuM  ap|M>arH  also  to  1m>  d(>v(*lop<'d.  Ciliated  epaulettes  are  not 
pn'W'ut.  So  far  mm  is  known  the  ClyiH»a«troid  larva  is  chiefly  characterized 
by  the  i*ouiid  fonn  of  the  anal  Iol>e.  The  cidcareous  rods  arc  latticed.  In 
the  Pluteus  of  S|>iitangoidH  there  arc  (fig.  2G3)  five  pairs  of  arms  around  the 
mouth  jwinting  forwanls,  iind  three  arms  develoyMHl  from  the  anal  lol>e  fioint- 
ing  back  wards.  Cue  of  these  is  un|>iiin>d,  and  st^irts  from  the  a|>ex  of  the 
anal  1o)n'.  All  the  amis  liave  cidcai'eous  iymIs  which,  in  the  case  of  the  tm).4- 
terior  ymir,  tlieanterohitenil  ])air,  and  the  unpaireil  arm  of  the  anal  lol>e,  are 
latticed.     Ciliated  epaulettes  are  not  develojHHl. 

Viviparous  lal•^•R'!  of  Ei'hinoids  have  U»en  descrilK'd  by  Agasaiz*. 

The  development  of  the  jiermauent  £chinu8  has  been  chiefly  workci 
out  by  Agjissiz  and  Metsclinikoff. 

Tn  the  Pluteus  of  Echinus  lividns  tlie  first  indication  of  the  adult  arist-s. 
when  thn'«»  pairs  of  arms  are  aln^ady  develoj>ed,  as  an  invagination  of  the 
skill  on  th«'  left  si<h»,  >>etween  the  )>o3terior  and  anterolatend  arms,  the 
lK>tt<nn  of  which  is  ]dace<l  close  to  the  water- vascular  vesicle  (fig.  260  B, 
*/'').  The  base  of  this  invagination  Iwconies  very  thick,  and  forms  the 
ventral  disc  of  the  futur<^  K<'hinus.  The  jmrts  <u)ini(H.*ting  this  disc  with 
the  ext^'Hial    skin    bcetinie  however  thin,  and,  on   the  narrowing   of   the 

'    Viih-  (siHciHllv  Miillcr.  Airus'ii/.  ninl  M«'tsohnikorF. 

•  Ki'f  \i\ipiiioU''  Kchiiii  nth-  A>;ji>'siz,  I'rov.  Anur.  Acml.  iHTl'i. 
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external  apertui-e  of  invagination  aiid  the  growth  of  tlie  thickened  disc,  c 
atitute  a  covering  for  the  disc,  called  \>y  Metschnikotf  the  amnion.     1 


(Fnim  Aguaiz.)     General  reteTcnce  letters  w  in  figs.  3G4  and  2(L5. 
f''.  anterolateral  almB:   r".  ciliated  epaulettee;    u>'.  JnvBgiDBtioii  In  form  the  dine 
of  Echinus . 

wattT- vascular  vesicle  adjoining  tliia  disc  grows  out  into  five  processes, 
formiDg  as  many  tube  feet,  which  cause  the  surface  of  the  involute  disc  to 
be  produced  into  the  same  number  of  processes.  The  external  opening  of 
the  invagination  of  the  disc  never  closes,  and  aft«r  the  development  of 
the  tube  feel  begins  to  widen  again,  and  the  amnion  to  atrophy.  Through 
the  opening  of  the  invagination  the  tube  feet  now  project.  The  dorsal  and 
right  surface  of  the  Pluteus,  which  extends  so  as  to  embrace  the  opening 
of  the  madrepnric  canal  and  the  anus,  fornut  the  abactinal  or  dorsal  surface 
of  the  future  Ecbines  (fig.  267,  a).  This  disc  6ta  on  to  the  actinal  invagi- 
nated  surface  which  aiises  on  the  left  Hide  of  the  Pluteuti.  On  the  riglit 
surface  of  the  larva  (dorsal  of  permanent  Echinwi)  two  i>edicelhiriffi  appear, 
and  at  a  later  period  spines  are  formed,  which  are  at  finit  arranged  in  a  ring- 
like form  round  the  edge  of  the  primitively  flat  test.  While  these  changes 
are  taking  place,  and  the  two  siirfauea  of  the  future  Echinus  are  gradually 
moulding  themselves  so  as  to  form  what  is  obviously  a  young  Echinus,  the 
arms  of  the  Pluteus  with  their  contained  skeleton  have  been  gradually 
undergoing  atrophy.  They  become  irregular  in  form,  their  contained 
skeleton  breaks  up  into  small  pieces,  and  they  are  gradually  absorbed. 

The  waler-vascular  ring  is  from  the  first  complete,  so  that,  as  in  Asle- 
rins,  it  is  perforated  through  the  centre  by  a  new  flesnphagua.     According 
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to  AgoRsiz  the  first  five  tentacles  or  tube  feet  grow  into  tlie  mdia]  rmii«H  I 
and  forni  the  odd  temimal  t^ntaclt^s  exactly  aa  in  Aitteriiia'.  Spataiuiai  I 
only  differs  in  develoi)raent  from  Echinus  in  the  fact  that  the  uf«aiiif  J 
of  the  invagination  to  form  the  venti'al  disc  becomes  completely  clnoed,  »iin  ] 
that  the  tube  feet  have  eventiiftlly   to  force  tln-ir  way  tliriiugh   tht>  UrrkI 


Flo.  ■lai.     FcTLL-oBowM  lanTi  OF  BTuaNiivLiH; tsTnvB.    (From  Apu«iE.) 
The    bpm    shewn    the   largo ly-dpveloppd    abuotinal    diio   of  the    ;oiiiig   ]~ 
enckwini!  die  larval  HtomBoh,     Iteterence  letters  m  in  pretiouB  figik 

■  Oette  (No.  549)  lapportcdV  Mullor'n  KaA  Kfolm'«  older,  and  in  iiom«  p« 

tremely  erroiiMiuB  olirarvationii,  hiiH  eiiuiiaiatvil  the  vicn  that   the   radial  m 

Erhinoid*  and   Ilolnthnroidi   Iiaie   a   dinureut   nature  fniia  IhoN  in  Antarotila  ■ 
OiihlnrDida. 
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which  ia  ruptured  in  the  process  and  eTentuolly 


Crinoidoa.  The  larva  of  Antedon,  while  atill  within  the  egg-shell, 
aasumes  an  oval  form  and  uDifonn  ciliatioo.  Before  it  becumes 
hatched  the  uniform  layer  of  cilia  is  replaced  by  four  transverse 
bauds  of  cilia,  and  a  tuft  of  cilia  at  the  posterior  extremity.  In  this 
condition  it  escapes  from  the  egg-shell  (fig.  208  A),  and  becomes 


or  Aktedoh  tCoMiioLi). 


of  llwMlcareoui  pUteai    C.  PeoU- 
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bilateral,  owing  to  a  flattening  of  the  ventral  surface.  On  the 
flattened  surface  appears  a  ciliated  depression  corresponding  in 
position  with  the  now  closed  blastopore  {vide  p.  459).  The  thinl 
ciliated  band  bends  forward  to  pass  in  front  of  this  (fig.  269).  Be- 
hind the  last  ciliated  band  there  is  present  a  small  depression  of 
unknown  function,  also  situated  on  the  ventral  surface.  The  posterior 
extremity  of  the  embryo  elongates  to  form  the  rudiment  of  the  future 
stem,  and  a  fresh  depression,  marking  the  position  of  the  future 
mouth,  makes  its  appearance  on  the  anterior  and  ventral  part 

While  the  ciliated  bands  are  still  at  their  full  development,  the 
calcareous  skeleton  of  the  future  calyx  makes  its  appearance  in  tbe 
form  of  two  rows,  each  of  five  plates,  formed  of  a  network  of  spicuU 
(fig.  268  B  and  269).  The  plates  of  the  anterior  ring  are  known  u 
the  orals,  those  of  the  posterior  as  the  basals.    The  former  surround 

the  left,  %.e,  anterior  peritoneal  sadL; 
the  latter  the  nght,  t.^.  posterior 
peritoneal  sack.  The  two  rows  of 
plates  are  at  first  not  quite  trans- 
verse, but  form  two  oblique  circles, 
the  dorsal  end  being  in  advance  of 
the  ventral.  The  rows  soon  become 
transverse,  while  the  originally  some- 
what ventral  oral  sur£Eu»  is  carried 
into  the  centre  of  the  area  enclosed 
by  the  oral  plates. 

By  the  change  in  position  of  the 
original  ventral  surface  relatively  to 
the  axis  of  the  body,  the  bilateral 
symmetry  of  the  larva  passes  into  a 
i^ial  symmetry.  While  the  first 
skeletal  elements  of  the  calyx  are 
being  formed,  the  skeleton  of  the 
stem  is  also  established.  The  ter- 
minal plate  is  first  of  all  established, 
then  the  joints,  eight  at  first,  of  the 
stem.  The  centro-dorsal  plate  is 
stated  by  Thomson  to  be  formed  as  the  uppennost  joint  of  the  stem*. 
The  larva,  after  the  completion  of  the  above  changes,  is  shewn  in 
fig.  268  B,  and  somewhat  more  diagram matically  in  fig.  269. 

After  the  above  elements  of  the  skeleton  have  become  established 
the  ciliated  bands  undergo  atrophy,  and  shortly  afterwards  the  larva 
becomes  attached  by  the  terminal  plate  of  its  stem.  It  then  passes 
into  the  Pentacrinoid  stage.  The  larva  in  this  stage  is  sliewn  in 
fig.  268  C  and  fig.  270.     New  joints  are  added  at  the  upper  end  of 

'  (}6tte  (No.  549)  on  the  oilier  band  holds  that  the  centro-dorsal  plate  is  dereloped 
hy  the  coalescence  of  a  series  of  at  first  independent  rods,  which  originate  aiiniil- 
tancotisly  with,  and  close  to,  the  lower  edges  of  the  basals,  and  that  it  is  theT<>fui« 
Himilar  in  its  origin  to  the  basals. 


Fio.  269.    Labva  of  Amtbdon  with 

RUDIMENTS    OF    CALCABEOC8    SKELETON. 

(From  Carpenter;  after  Thomson.) 

1.  Terminal  plate  at  the  end  of 
the  stem;  8.  basals;  or,  orals;  hi. 
position  of  blastopore. 
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the  stem  next  the  calyx,  and  a  new  element — the  radials — makes  its 
appearance  as  a  ring  of  five  small  plates,  placed  in  the  space  between 
the  basals  and  orals,  and  in  the  intervals 
alternating  with  them  (fig.  270,  4).  The 
roof  of  the  oral  vestibule  (vide  fig.  253  and 
p.  460)  has  in  the  meantime  become  rup- 
tured; and  the  external  opening  of  the 
mouth  thus  becomes  established.  Sur- 
rounding the  mouth  are  five  petal-like 
lobes,  each  of  them  supported  by  an  oral 
plate  (fig.  268  C).  In  the  intervals  be- 
tween them  five  branched  and  highly  con- 
tractile tentacles,  which  were  previously 
enclosed  within  the  vestibule,  now  sprout 
out :  they  mark  the  position  of  the  future 
radial  canals,  and  are  outgrowths  of  the 
water- vascular  ring.  At  the  base  of  each 
of  them  a  pair  of  additional  tentacles  is 
soon  formed.  Each  primary  tentacle  cor- 
responds to  one  of  the  radials.  These 
latter  are  therefore,  as  their  name  implies, 
radial  in  position ;  while  the  basals  and 
orals  are  iuterr»vdial.  In  addition  to  the 
contractile  radial  tentacles  ten  non-con- 
tractile tentacles,  also  diverticula  of  the 
water-vascular  ring,  are  soon  formed,  two 
for  each  interradius. 

In  the  course  of  the  further  develop- 
ment the  equatorial  space  between  the 
orals  and  the  basals  enlaiges,  and  gives 
rise  to  a  wide  oral  disc,  the  sides  of  which 
are  formed  by  the  radials  resting  on  the 
basals ;  while  in  the  centre  of  it  are  placed 
the  five  orals,  each  with  its  special  lobe. 

The  anus,  which  is  formed  on  the 
ventral  side  in  the  position  of  the  blasto- 
pore (p.  460),  becomes  surrounded  by  an 
anal  plate,  which  is  interradial  in  posi- 
tion, and  lies  on  the  surface  of  the  oral 
disc  between  the  orals  and  radials.  On 
the  oral  plate  in  the  next  interradius  is 

placed  the  opening  of  a  single  funnel  leading  into  the  body  cavity, 
which  Ludwig  regards  as  eq\iivalent  to  the  opening  of  the  madreporic 
canal  {yide  p.  460)  *. 

>  I  have  made  no  attempt  to  diflcasB  the  homologies  of  the  plates  of  the  larval 
Echinodermata  because  the  criteria  for  such  a  disoassion  are  still  in  dispute.  The 
Buggestive  memoirs  of  P.  H.  Carpenter  (No.  5^8)  on  this  subject  may  be  eonsnlted 
by  the  reader.    Carpenter  attempts  to  found  nis  homologiM  on  the  lelmtion  of  Uie 


Fio.  270.  YouHo  Pentacbi- 
Hoio  LARVA  OF  Antedon.  (From 
Carpenter ;  after  WyviUe  Thom- 
son.) 

1.  terminal  plate  of  stem; 
ed,  centro-dorsal  plate;  8.  ba- 
sals; 4.  radials;  or.  orals. 
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"  From   the  edge  of  the  vestibule  the  arms  grow    out,  carrTi 

ft  with  them  the  tentacular  prolongation  of  the  water-vascular  rii 

f.  Two  additional  rows  of  radiais  are  soon  addod. 

J'  The  stalked  Pentacrinoid  larva  liecomeB  converted,  on  the  absoi 

i;  tion  of  the  alalk,  into  the  adult  Antedon.     The  stalk  is  functiuna 

'*  replaced  by  a  number  of  short  cirri  Bpriuging  from  the  centro-d<^ 

'.'i  plate.     The  tivo  hasals  coalesce  into  a  single  plate,   known  as  t 

'l  rosette,  and  the  live  orals   disappear,  though   the   lobes    on   whi 

't  they  were  placed  persist.     In  some  stalked  forms,  e.ff.  Rhizocrin 

;  Hyocrinus,  the  orals  are  permanently  retained.    The  arms  bifura 

ji  at  the  end  of  the  third  radial,  and  the  first  radial  becomes  in  Anted 

I  rosacea  (though  not  in  all  species  of  Antedon)  concealed   from  t 

Is  surface  by  the  growth  of  the  centro-dorsal  plate.   An  immense  numl 

of  funnels,  leading  into  the  body  cavity,  are  formed  in  addition  to  t 

single  one  present  in  the  young  larvae    These  ate  rt^arded  by  Ludv 

as  equivalent  to  so   many  openings  of  the  madrepmc   canal ;  ai 

there  aro  developed,  in  correspondence  with  them,  diverticula  of  t 

water- vascular  ring. 

Compariaon  of  Echinoderm  Larva  and  General  Oonclutumt. 

In  any  comparison  of  the  various  types  of  Echinoderm  Ian 
it  is  necessary  to  distinguish  between  the  iree-swimming  forms,  si 
the  viviparous  or  fixed  forms.  A  very  superficial  ezamiuation  suffic 
to  shew  that  the  free-swimming  forms  agree  very  much  more  close 
amongst  themselves  than  the  viviparous  forma.  We  are  therefo 
justified  in  concluding  that  in  the  viviparous  forms  the  developmei 
is  abbreviated  and  modified. 

All  the  free  forms  are  nearly  alike  in  their  earliest  stage  ufh 
the  formation  of  the  archentenn.  The  surface  between  the  am 
au<I  the  future  mouth  becomes  flattoncd,  and  (except  iu  Antedo 
Cucuraaria,  Psolinus,  etc.  which  practically  have  an  abbreviate 
development  like  that  of  the  viviparous  forms)  a  ridge  of  cil 
bcconit's  established  iu  front  of  the  mouth,  and  a  second  rid{ 
between  the  mouth  and  the  anus.  Tliis  larval  form,  which  is  shew 
in  tig.  2C4  A,  is  the  type  from  which  the  various  fonus  of  Ecbinoder 
larvie  start. 

In  all  cases,  except  in  Bipinnaria,  the  two  ciliated  ridges  sot 
become  united,  and  constitute  a  single  longitudinal  post-oral  ctliatx 
ring. 

The  larvK  in  their  fiirthcr  growth  undergo  various  changes,  ai 
in  the  later  states  they  may  be  divided  into  two  ^)ups : 

(1)  The  Pluteus  larva  of  Echinoids  and  Ophiuroids. 

(2)  The  Auricularia  (Holothuroids)  and  JBipinnaria  (Asteroid 
type. 

plklen  to  tbc  primitin  perit«ti««l  Teawlei.  tnd  I  am  inolined  lo  belieTB  thkt  this  nwtli 
ot  dealing  wiih  tfarao  homalogiea  is  the  right  one.  Lndwig  (Mo.  559)  bj  regKrding  | 
opeaing  ot  (he  msdnporie  oanal  aa  a  ftiad  point  ha*  airiTed  at  TM7  diDeraat  rMnliai, 
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Fio.  271.      A.    Thb  larta  of  a  Holo- 

THOBOID.      B.    ThS  LABYA  OF  AN  ASTXBIAS. 

m.  mouth;  st,  stomach;  a.  anus;  Le, 
primitive  longitudinal  ciliated  band;  jor.c. 
prae-oral  ciliated  band. 


The  first  group  is  characterised  by  the  growth  of  a  number  of 
arms  more  or  less  surrounding  the  mouth,  and  supported  by  cal- 
careous rods.  The  ciliated  band  retains  its  primitive  condition  as  a 
simple  longitudinal  band  throughout  larval  life.  There  is  a  very 
small  pne-oral  lobe,  while  an  anal  lobe  is  very  largely  developed. 

The  Auricularia  and  Bipinnaria  resemble  each  other  in  shape,  in 
the  development  of  a  large  prae- 
oral  lobe,  and  in  the  absence  of  A.  B 
provisional  calcareous  rods;  but 
differ  in  the  fact  that  the  ciliated 
band  is  single  in  Auricularia  (fig. 
271  A),  and  is  double  in  Bipin- 
naria (fig.  271  B). 

The  Bipinnaria  larva  shews 
a  great  tendency  to  develop  soft 
arms;  while  in  the  Auricularia 
the  longitudinal  ciliated  band 
breaks  up  into  a  number  of 
transverse  ciliated  bands.  This 
condition  is  in  some  instances 
reached  directly,  and  such  larvsB 
undoubtedly  approximate  to  the 
larva)  of  Antedon,  in  which  the 
uniformly  ciliated  condition  is 
succeeded  by  one  with  four  transverse  bands,  of  which  one  is  prse-oral. 

All  or  nearly  all  Echinoderm  larvae  are  bilaterally  symmetrical, 
and  since  all  Echinodermata  eventually  attain  a  radial  symmetry,  a 
change  necessarily  takes  place  from  the  bilateral  to  the  radial  type. 

In  the  case  of  the  Holothurians  and  Antedon,  and  generally  in  the 
viviparous  types,  this  change  is  more  or  less  completely  effected  in  the 
embryonic  condition ;  but  in  the  Bipinnaria  and  Pluteus  types  a  radial 
symmetry  does  not  become  apparent  till  after  the  absorption  of  the 
larval  appendages.  It  is  a  remarkable  fact,  which  seems  to  hold  for 
the  Asteroids,  Ophiuroids,  Echinoids,  and  Crinoids,  that^the  dorsal  side 
of  the  larva  is  not  directly  converted  into  the  dorsal  disc  of  the  adult; 
but  the  dorsal  and  right  side  becomes  the  adult  dorsal  or  abactinal 
surface,  while  the  ventral  and  left  becomes  the  actinal  or  ventral 
surface. 

It  is  interesting  to  note  with  reference  to  the  larvae  of  the 
Echinodermata  that  the  various  existing  types  of  larvae  must  have 
been  formed  after  the  differentiation  of  the  existing  groups  of  the 
Echinodermata ;  otherwise  it  would  be  necessary  to  adopt  the  im- 
possible position  that  the  different  groups  of  Echinodermata  were 
severally  descended  from  the  different  types  of  larvae.  The  various 
special  appendages,  eta  of  the  different  larvae  have  therefore  a  purely 
secondary  significance ;  and  their  atrophy  at  the  time  of  the  passage  of 
the  larva  into  the  adult,  which  is  nothing  else  but  a  complicated 
metamorphosis,  is  easily  explained. 
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Originally,  no  doubt,  the  transition  from  the  larva   to  the  aduli 
f.' :  was  very  simple,  as  it  is  at  present  in  most  Holothuriatis  ;  but  as  tht 

;.  larvae  developed  various  provisional  appendages,  it  became  necessart 

that  these  should  be  absorbed  in  the  passage  to  the  adult  state. 

It  would  obviously  be  advantageous  that  their  absorption  shoulc 
be  as  rapid  as  possible,  since  the  larva  in  a  state  of  transition   to  th» 
adult  would  be  in  a  very  disadvantageous  position.     The  rapid  meta- 
morphosis, which  we  find  in  Asteroids,  Ophiuroids,  and  £ehinoids  in 
•y  the  passage  from  the  larval  to  the  adult  state,  has  no  doubt  arist*ii 

for  this  reason. 

In   spite   of  the   varying  provisional   appendages    fK>ssessed    bv 
Echinoderm  larva-i  it  is  possible,  as  stated  above  (p.  478),  to  recognise  m 
V  type  of  larva,  of  which  all  the  existing  Echinoderm  larval  forms  arv 

, ;  modifications.     Tliis  type  does  not  appear  to  me  to  be  closely  relattnl 

to  that  of  the  larvae  of  any  group  described  in  the  preceding  pages. 
' .  It  has  no  doubt  certain  resemblances  to  the  trochosphere  larva  of 

Chaetopoda,  Mollusca,  etc.,  but  the  differences  between  the  two  types 
are  more  striking  than  the  resemblances.  It  firstly  diflFera  from  the 
trochosphere  lar\'a  in  the  character  of  the  ciliation.  Both  larva;  start 
from  the  uniformly  ciliated  condition,  but  while  the  pne-oral  ring  is* 
almost  invariable,  and  a  peri-anal  ring  very  common  in  the  trocho- 
;  sphere ;   in  the  Echinodenn  larva  siich  rings  are  rarely  found  ;  and 

',  even  when  present,  i.e.  the  pne-oral  ring  of  Bipinnaria  and  the  ter- 

♦  minal  though  hardly  peri-anal  patch  of  Antedon,  do  not   resemble 

,' .  closely  the  more  or  less  similar  stnictures  of  the  trochosphere.     The 

ff  two  ciliated    ridges    (fig.    264   A)    common   to  all  the    EIchino<lerm 

'/  larva?,  and  subsecniently  continued  into  a  longitudinal  ring,  have  not 

yet  been  found  in  any  trochosphere.     The  transverse  ciliated  ring? 
/  of  the  Holothurian  and  Crinoid  larva*  are  of  no  imp)rtance  in  the 

J  comparison  between  the  trochosphere  larvae  and  the  lar\a5  of  Echino- 

I ,  dermata,  since  such  rings  are  freiiuently  secondarily  developed.     Cf 

f  Pneumoiiennon  and  DentaUum  amongst  Mollusca. 

!  In  the  character  of  the  pras-oral  lobe  the  two  types  again  diflTtT. 

!  Though  a  i)ra»-oral  lobe  is  often  found  in  Echinoilerm  larva*  it  is  nevei 

the  seat  of  an  important  (supni-(esophageal)  ganglion  anil  organs  oj 
f  special  s<»nse,  «is  it  invariably  is  in  the  trochosphere. 

■  Nothing  like  the  vaso- peritoneal  vehicles  of  the  Echinoilerm  larvu 

has  been  found  in  the  trochosphere  ;  nor  have  the  characteristic  tro- 
^  chosphere  excretory  organs  been  ftumd  in  the  Echinoderm  lar\*a\ 

'  The  larva  which   most  nearly  approaches  those  of  the    Echino 

.  dermata  is  the  larva  of  Balanoglossus  described  in  the  next  chapter. 
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ENTEROPNEUSTA. 


Fio.  373.     EutLT  s 

TKE  DBTELOFMEm  OT  To 

(After  Gutle.) 


The  larva  of  Balanoglossus  is  known  as  Tomaria.  The  pni'lan-al 
development  is  not  known,  and  the  youngest  sta^  (fig.  272)  so  fiu- 
described  (Gbtte,  No.  569)  has  manv  re> 
markable  points  of  resemblance  to  a  joung 
Bipinnario. 

A  mouth  (ni),  situated  on  the  ventnl 
-^^v^^     mir  surface,   leads  into  an   alimentary   canal 

Ml^^  "SnTI  with  a  terminal  anus  (an).   A  pne-oral  lobe 

1  ''■     Wi      I  "  **"  <J*^«1<'P^'  *8  in   Bipinnaria.  but 

1      \r      §  there  is  no  post-anal  lobe.     The  bands  of 

^k^jf^^  cili'i  have  tlio  same  general   form  as  in 

^^■**^^  Bipinnaria.    There  is  a  prae-oral  band,  and 

a  longitudinal  post-oral  band  ;  and  the  two 
bands  nearlv  meet  at  the  apex  of  the  pne- 
oral  lobe  (fig.  273).  A  contractile  band 
w.  to-taWiA  witer-viBcnUr  passes  from  the  (esophagus  to  the  apex 
'~S.''<,7£'r.i?„°S:  »f  the_pn».™l  lobe  »1  a  diverticulum 
moutbi  nn.  »nu»,  (fig.  2/2,   W)  from  tlie  alimentarj   tract, 

directotl  towards  the  dorsal  surface,  is  pre- 
sent. Contractile  cells  ore  scattered  in  the  space  between  the  bodj 
wall  and  the  gut. 

In  the  following  stage  (fig.  274  A)  a  conspicuous  transverse  post-oral 
band  of  a  single  row  of  loDg  cilia  is  formed,  an<l  the  original  l>ands 
become  more  siuuoua  The  alimentary  diverticulum  of  the  Inst  8ta|:e 
bccumcii  an  independent  vesicle  opening  by  a  pore  on  the  dorsal 
surface  (fig.  27*  A,  «-).  Tlie  contractile  dird  is  now  inserted  on  this 
vesicle.  Where  this  cord  joins  the  apex  of  the  pne-oral  lobe  betweoD 
the  two  anterior  bands  of  cilia  a  thickening  of  the  epiblast  (I  a 
ganglion)  has  become  established,  and  on  it  are  placed  two  eye-spots 
(fig.  273  oc,  and  fig.  274  A).  A  deep  bay  is  formed  on  the  ventral 
hurfitco  of  the  larva. 


E!fTEROPNBVSTA. 

As  the  larva  grows  older  the  original  bands  of  cil. 
Miiuous,    and   a    second   traoaverae 
band  with  small  cilia  is  tbraied  (in 
the   Mediterraneaa  larva)   between 
the   previous   transverse   band   and 
the  anus.   The  water- vaacular  vesicle 
is  prolonged  into  two  spurs,  one  on 
each  side  of  the  stomach.     A  pul- 
sating vesicle  or  heart  is  also  formed 
(6g.  274  B,  ht),  and  arises,  according 
to  Spengel  (No.  572),  as  a  thicken- 
ingof  theepidermis,  It  subsequently 
becomes  enveloped  in  a  pericardium, 
and  is  pla<;ed  in  a  depression  in  the 
water- vascular  \'eaicle.    Two  pairs  of 
diverticula,  one   behind  the   other, 
grow  out  (Agassiz,  No.  568)  from  the 
gastric  region  of  the  alimentary  canal. 
The   two   parts  of  each  pair  form     rMMib^nidfller 
Battened  compartments,  which   to-     oontraetilB  cord, 
getlier  give  rise  to  a  complete  in- 
vestment of  the  adjoining 
parts    of    the    alimentary 
tract.     The  two   parts   of 
each    coalesce,    and    thus 
form  a  double-walled  cylin- 
der round  the  alimentary 
tract,  but  their  cavities  re- 
main separated  by  a  dorsal 
and  ventral  septum. 

Eventually  (Spengel) 
the  cavity  of  the  anterior 
cylinder  forms  the  section 
of  the  body  cavity  in  the 
collar  of  the  adult,  and  that 
of  the  posterior  (fig.  274  B, 
c)  the  remainder  of  the 
body  cavity.  The  septa, 
separating  the  two  halves 
of  each,  remain  as  dorsal 
and  ventral  mesenteries. 

The  conversion  of  Tor- 
naria  (fig.  274  A)  into  Ba- 
lanoglossus  (fig.  274  B)  is 
effected  in  a  few  hours,  and 
consists  mainly  in  certain 
changes  iu  configuration, 
and  in  the  disappearance 
of  the  longitudinal  ciliated  band. 


X.VTSROPffSUSTA . 


The  body  of  the  young  fialanogl'issiis  (fig.  274  B)  is  divided  i 
three  regions  (1)  the  proboscidian  region,  (2)  the  collar,  (3)  the  tn 
proper.  The  proboscidian  region  is  formed  by  the  elon^tion  of 
prae-oral  lobe  into  an  oval  body  with  the  eye-spots  at  its  &xtr«mity,i 
provided  with  strong  longitudinal  muscles.  The  heart  (A*)  »nd  w» 
vascular  vesicle  lie  near  its  base,  but  the  contractile  cord  coDnectedi 
the  latter  is  no  longer  present.  Tho  mouth  is  placed  on  the  no 
side  at  the  base  of  the  pne-oral  lobe,  and  immediately  bvhiod  it  ia 
collar.  The  remainder  of  the  bo<ly  is  more  or  lesa  conical,  aud  ia  i 
girt  with  the  larval  transverse  ciliated  band,  which  lies  in  the  mil 
of  the  gastric  region  in  the  Mediterranean  species,  but  in  th«  <bm)| 
geal  region  in  the  American  one. 

The  whole  of  the  body,  including  the  proboscis,  beoomos 
ciliated. 

One  of  tho  most  important  characters  of  the  adult  Balani_ 
consists  in  the  presence  of  respiratory  Btnicturoa  coropantble 
the  vertebrate  gill  eiits.     The  earli^t  traces  of  these  structoNS 
distinctly  formed  while  the  larva  is  still  in  the  Torasrij 
as  one  pair  of  pouches  from  the  msophagua  in  the   Medii 
species,  and  four  pairs  in  the  American  one  (fig.  275,  br). 

In  the  Mediterranean  Tomaria  the 
two  pouches  meet  the  skin  dorsally,  and 
in  the  young  Balanuglossus  (fig.  274  B.  br) 
acquire  an  external  opening  on  the  dorsal 
side.  In  the  Amencan  species  the  first 
four  pouches  are  without  external  openings 
till  additional  pouches  have  been  formed. 
Fresh  gill  pouches  continue  to  be  formed 
both  in  the  American  and  probably  the 
Mediterranean  species,  but  the  conversion 
of  the  simple  pouches  into  the  complicated 
gill  structure  of  the  adult  has  only  been 
studied  by  Agassiz  (No.  568)  in  the  Ameri- 
can species.  It  would  seem  in  the  first 
place  that  the  stnicture  of  the  adult  gill 
slits  is  much  less  complicated  in  the  Ameri- 
can than  in  the  Mediterranean  species. 
The  simple  pouches  of  the  youug  bt-come 
fairly  numemus.  They  are  at  first  circular; 
they  then  become  elliptical,  and  the  dorsal 
wall  of  each  slit  becomes  folded ;  subse- 
quently fresh  folds  are  formed  which 
greatly  increase  the  complexity  of  the  gills. 
The  external  openings  are  not  acquired 
till  comparatively  late.  ■ 

Our  knowledge  of  the  development  of  the  int«mat  orgsnK,  90 
di^rive<l  from  AgaasiE,  is  bUII  imperfect.  The  vnnctilar  syHtem  atn»eaw  m 
in  the  form  of  a  ilorHal  nnd  a  ventral  v<<himi1,  bolli  pointed,  and  ap|«rB 
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ending  blindly  at  their  two  extremities.  The  two  spurs  of  the  water- 
vascular  vesicle,  which  in  the  Tomaria  stage  rested  upon  the  stomach, 
now  grow  round  the  oesophagus^  and  form  an  anterior  vascular  ring, 
which  Agassiz  describes  as  becoming  connected  with  the  heart,  though  it 
still  communicates  with  the  exterior  by  the  dorsal  pore  and  seems  to  be- 
come connected  with  the  remainder  of  the  vascuhur  system.  According 
to  Spengel  (No.  572)  the  dorsal  vessel  becomes  connected  with  the  heart, 
which  remains  through  life  in  the  proboscis :  the  cavity  of  the  water- 
vascular  vesicle  forms  the  cavity  of  the  proboscis  in  the  adult,  and  its 
pore  remains  as  a  dorsal  (not,  as  usually  stated,  ventral)  pore  leading  to 
the  exterior. 

The  eye-spots  disappear. 

Tomaria  is  a  very  interesting  larval  form,  since  it  is  intermediate 
in  structure  between  the  larva  of  an  Echinoderm  and  trochospbere 
type  common  to  the  Mollusca,  Chsetopoda,  etc.  The  shape  of  the 
body  especially  the  form  of  the  ventral  depression,  the  character  of 
the  longitudinal  ciliated  band,  the  structure  and  derivation  of  the 
water-vascular  vesicle,  and  the  formation  of  the  walls  of  the  body 
cavity  as  gastric  diverticula,  are  all  characters  which  point  to  a 
connection  with  Echinoderm  larvse. 

On  the  other  hand  the  eye-spots  at  the  end  of  the  prse-oral  lobe  *, 
the  contractile  band  passing  from  the  oesophagus  to  the  eye- spots 
(fig.  273),  the  two  posterior  bands  of  cilia,  and  the  terminal  anus  are 
all  trochospbere  characters. 

The  persistence  of  the  prse-oral  lobe  as  the  proboscis  is  interesting, 
as  tending  to  shew  that  Balanoglossus  is  the  surviving  representative 
of  a  primitive  group. 
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^  It  would  be  interesting  to  have  further  information  about  the  fate  of  the  thicken- 
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